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Summary Memo of Record for NS11;
Subsidence Associated with Mining Inside or Outside the Controlled Area
Michael Wallace

Recommended Screening Decision:

NSI11 is screened in on a regulatory basis.

Statement of Screening Issues:

Subsidence over future potash mines could modify the rate and direction of groundwater
flow in strata overlying the Salado Formation. Concerns have been raised that such a
modification could lead to an increase in flow rates within the Culebra aquifer member
of the Rustler Formation from the waste panel footprint to the boundary of the accessible
environment (AE). If such an increase were to occur, concerns would focus on whether
or not this would have an impact on compliance calculations involving the Culebra
aquifer in the Performance Assessment (PA).

Background and Approach for NS11

In the current regulation, 40CFR Part 194, which applies to certification of WIPP, the
Environmental Protection Agency (EPA) has developed minimum specifications for
incorporating potash mining impacts upon the performance of the WIPP repository.
Pertinent excerpts from the published rule are shown below. The complete text (Federal
Register/vol. 61, No. 28) is included as Appendix NS11.1:

“ 194.32 Scope of performance assessments

(a) Performance assessments shall consider natural processes and events, mining, deep
drilling, and shallow drilling that may affect the disposal system during the
regulatory time frame.

(b} Assessments of mining effects may be limited to changes in the hydraulic
conductivity of the hydrogeologic units of the disposal system from excavation
mining for natural resources. Mining shall be assumed to occur with a one in 100
probability in each century of the regulatory time frame. Performance assessments
shall assume that mineral deposits of those resources, similar in quality and type to
those resources currently extracted from the Delaware Basin, will be completely
removed from the controlled area during the century in which such mining is
randomly calculated to occur. Complete removal of such mineral resources shall be
assumed to occur only once during the regulatory time frame.

(c) Performance assessments shall include an analysis of the effects on the disposal
system of any activities that occur in the vicinity of the disposal system prior o
disposal and are expected to occur in the vicinity of the disposal system soon after
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disposal. Such activities shall include, but shall not be limited to, existing
boreholes and the development of any existing leases that can be reasonably
expected to be developed in the near future, including boreholes and leases that may
be used for fluid injection activities.” )

Furthermore, in the preamble contained in that regulation document, on page 5229, it is
stated:

“With respect to man-made processes and events, performance assessments must
include the effects of drilling events and excavation mining. Some natural resources
in the vicinity of the WIPP can be extracted by mining. These natural resources lie
within the geologic formations found at shallower depths than the tunnels and shafts
of the repository and do not lie vertically above the repository. Were mining of
these resources to occur, this could alter the hydrologic properties of overlying
formations-including the most transmissive layer in the disposal system, the Culebra
dolomite--so as to either increase or decrease ground-water travel times to the
accessible environment. For the purposes of modeling these hydrologic properties,
this change can be well represented by making corresponding changes in the values
for the hydraulic conductivity. The Agency has conducted a review of the data and
scientific literature discussing the effects mining can induce in the hydrologic
properties of a formation. Based on its review of available information, the Agency
expects that mining can, in some instances, increase the hydraulic conductivity of
overlying formations by as much as a factor of 1,000, although smaller or even
negligible changes can also be expected to occur. Thus, the final rule requires DOE
to consider the effects of mining in performance assessments, In order to consider
the effects of mining in performance assessments, DOE may use the location-
specific values of hydraulic conductivity, established for the different spatial
locations within the Culebra dolomite, and treat them as sampled parameters with
each having a range of values varying between unchanged and increased 1,000-fold
relative to the value that would exist in the absence of mining. . . ..

Pursuant to 194.34 of the final rule, performance assessments must randomly
sample across the full range of values that have been established for all uncertain
variables, including the hydraulic conductivity of the Culebra dolomite established
as discussed above.”

This guidance was developed by the EPA and its contractors. Prior to the issuing of the
guidance, two versions of this FEP had already been developed. The first version, by T.
Corbet, was a consequence argument, supported by calculations, in which the FEP was
recommended to be screened in. The conceptual model of potash mining effects on
Culebra flow in that version was fundamentally different than the one adopted by the
EPA. Corbet had conceptualized potash-induced subsidence as primarily affecting the
hydraulic conductivities of the Rustler confining units (such as the Tamarisk and the
Forty Niner) not the Culebra. Before that version could complete internal review, but as
part of that review, it was superseded by a regulatory argument by S. Bertram to screen
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out. That version did complete internal review, but was in turn superseded by the recent
changes to 40CFR 194 and the guidance, as documented above. Both of these prior
versions of the FEP are included in the same Nuclear Waste Management Center
(NWMC) file that contains this records package, for informational purposes. This
current version does not rely on either of those versions in any way.

Sandia National Labs conducted a cursory review of the EPA guidance, after it became
official. Two meetings of experts in geomechanics and hydrogeology were held to
consider and evaluate the EPA’s approach. Partial documentation of those meetings is
provided in same Nuclear Waste Management Center (NWMC) file that contains this
records package, for informational purposes. This current version of NS11 is stand-
alone. Any data or conceptual issues developed through those meetings that might have
been relevant is already documented in this version.

Under this specific EPA guidance, the current FEP must be incorporated into the PA
analyses. The purpose of this effort, then, is to document this incorporation and provide
analysis on relative impacts to the Culebra ground water flow system.

The implementation of mining is divided up into the following steps:

¢ Determination of areas of the Culebra to be affected by ‘present’ and ‘near-future’
mining.

¢ Determination of areas of the Culebra to be affected by ‘future’ mining.

» Reconsideration of Culebra flow model geometry and boundary conditions, in light of
mining issues.

¢ Digitizing of mining-affected areas into the Culebra flow model(s).

¢ Determination of multiplication factors to use for the hydraulic conductivity of such
areas for each of the 100 base transmissivity fields.

¢ Running of the Culebra ground water flow codes with these modified transmissivity
fields.

¢ Integration of these flow results into the solute transport models, taking into account
the regulatory criteria for probability of ‘future’ mining cases and the intrusion
scenarios.

The discussion below follows these steps.

Determination of areas of the Culebra to be affected by ‘present’, ‘near-future’, and

future’ mining.
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(See the Glossary section of this records package for definitions of present, near future,
and future states).

Most of this work was performed by Westinghouse Waste Isolation Division (WID) and
is documented in a recent memo (Howard, 96) included in this package as Appendix
NS11.2. That memo details the pertinent regulations, the rationales, the procedures, and
the results of defining precisely the areas and subsurface horizons within the Delaware
Basin which have been mined for potash and which, according to regulatory guidelines,
are to be mined in the near future and future. Figure 1 is taken directly from Figure 5 of
their report and identifies the areas for which present and near-future mining conditions
would apply according to WID interpretations. Those areas are limited to the regions
labeled “Extent of Mining Qutside the Controlled Area”.

By those interpretations, there would be no obligation to apply the mining effect to areas
that have already been mined. The Performance Assessment (PA) group felt it would be
appropriate, and conservative to include such already-mined areas. Therefore, an
additional map was utilized, “Preliminary Map showing Distribution of Potash
Resources, Carlsbad Mining District, Eddy and Lea Counties, New Mexico”, 1993,
Roswell District, U. 8. Bureau of Land Management (BLM). This map contains fairly
up to date and detailed representations of the areas in the region of concern that have
already been mined. That map is reproduced here as Figure 2.

WID made another interpretation that led to their exclusion of potash zones outside of
the Delaware Basin. The PA group felt that it was necessary to include any such zones if
they lay within the final regional flow model boundary. This ultimately led to the
addition of a mining-affected area at the northern corner of the regional model domain
that projected out of the Delaware Basin and into the area that overlies the Capitan Reef.

For the case of future mining events within the Controlled Area (CA), Figure 8 of the
WID memo was utilized without modification. That figure depicts zones of Langbenite
and Sylvite within the Controlled Area which are considered economically extractable
according to current technologies. That figure is included here as Figure 3. The
rationale for this domain is described in the WID memo.

This assembly of data led to two starting maps. The first map reflects the conditions
associated with the present to near-future case, hereafter called the partial-mining case
map. The second map reflects the conditions associated with the future case, hereafter
called the full-mining case map. The partial-mining case map is a subset of the full
mining case map. All of the areas that fall outside of the Controlled Area in which the
mining effect is to be applied (to the Culebra) are identical for both the full-mining and
partial-mining cases. Only the full-mining case contains the additional areas that fall
inside of the Controlled Area in which the mining effect is to be applied (to the Culebra).

The areas covered by these mining zones had to then be expanded to account for
subsidence induced angle-of-draw effects. Three rationales are provided that support the
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Figure 1 . Reproduced from Westinghouse (96)
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expansion value used. First, the “Backfill Enginecring Analysis Report” (IT Corp.,
1994) includes a survey of angle of draw measurements for four major potash mines in
the WIPP area. The measurements range from 25° to 58° (from vertical). Notably, on
page 9-68 of the BID, EPA terms 58° “pessimistic”. The midpoint of this range is 41.5°.
Although the midpoint value would likely be acceptable, a more conservative value of
45° was chosen for the current analyses.

Second, work described in the EPA’s “Background Information Document (BID) for
40CFR Part 194” (EPA, January, 1996, section 9.4} provides a basis for an alternative
way of estimating an angle of draw. That study assumed a representative potash mine
width of 3,000 ft, which, given the representative depth to the mines that they report as
1,543 ft., is assumed to be greater than or equal to W.. W, is defined as the minimum
width (given a certain depth) of an excavation required to achieve maximum subsidence,
according to the following equation:

W, = (2H)tan(d)
where:

H = depth from horizon of subsidence measurement to excavation
6 = angle of draw (from vertical axis)

Table 9-5 of the BID report lists depth to the Culebra as 714ft. Therefore, H = 1,543-
714=829 ft. Then, assuming W, = 3,000ft., the angle of draw is less than or equal to 44°.

Finally, on p. 11-10 of the BID, middle paragraph, an angle of draw of 40.7° is assumed
by the EPA in a calculation of surface subsidence due to mining in the Salado. They
assume that calculation to be “realistic”.

Given our assumption of a 45° angle of draw, and assuming that H=829ft. (=253m)
everywhere, a constant 253m wide ‘collar’ was added around the previously developed
mining-impacted area maps. Because of this addition, in the partial-mining map, parts of
the CA are now included for present and near future performance. That is because in
certain areas, notably the southeast corner of the LWB, outside mining extends up to the
very boundary. The extra collar extends the effect 253 meters into the CA.

Figures 4 and 5 show the completed maps for partial-mining and full-mining
respectively.

Reconsideration of Culebra flow model geometry and boundary conditions, in light of
mining issues.

Mining effects are only a few of the myriad issues that must be accounted for in the
development of the geometry and boundary conditions for the Culebra regional flow
model. The mining effects pose challenges regarding model boundary development,

SWCF-A:1.2.07.3:PA:QATSK:NS11 8 11/21/96



Y{103) (m)

Y
o

Regional
Model
Domain

-4 0 4 8 12

X(103) (m)
[ Not Impacted by Mining .
D Impacted by Mining

Figure L’ . Extent of Impacted Area in the Culebra from Mining in the
McNutt for Undisturbed Performance

SWCF-A 1,207 2 PAL Q8 TSKs Na-J
Page ¢



Y(10°%) (m)

Y
=]

-4 0 4 8 12
X(10%) (m)
I Not Impacted by Mining \\q:

[ ] Impacted by Mining

Figure _5_ . Extent of Impacted Area in the Culebra for Disturbed Performance if Mining
Occurs in the Future within the Disposal System

SWCF-A VL.L O75:Pa! LA TSR NS =1
paye 10



since, for example, the potash zones extend well beyond the original PA regional flow
model boundaries. In fact, the zones extend well beyond the Delaware Basin.

Reference was made to the 3-D Regional Groundwater Flow Model (Corbet, 95) and its
conceptualization of the regional groundwater basin of interest. In that study, as shown
in Figure 6, the regional groundwater basin encompasses an area much larger than the 2-
D PA regional flow model. This figure also shows the overlay of the potash-affected
candidate areas and the topography. The groundwater basin can be conceptualized as a
a ‘complete’ groundwater system (with possibly more than one saturated hydrogeologic
unit) encompassed at its sides by effective vertical no-flow boundaries (vertical surfaces
through which horizontal flow does not occur). Such boundaries, also known as
groundwater divides, are often zones of flow symmetry, such as rivers or topographic
ridges in many cases. Water cycles through such a basin by entering via
precipitation/recharge processes and exiting via seepage faces / runoff processes.

Note that the PA regional model and the 3-D regional model share a boundary, namely
the one corresponding to the perceived groundwater flow divide (via discharge
symmetry) that underlies Nash Draw. As the conductivities are already quite high in that
area (in fact, the Culebra is significantly broken up there), and given that regional and
surface topographic effects in the area appear to have predominant control over the
regional flow field, it was assumed that this region would continue to function as a
groundwater divide, in spite of any mining effects. Therefore it was considered
appropriate that one boundary of the new model still followed the Nash Draw axis.

Attention was focused on developing a model boundary for steady state flow purposes
that did not underestimate flow rates in light of mining. In a steady state model, regional
flow rates are controlled by the boundary conditions and the hydraulic conductivity
distribution. All other things being equal, adjusting boundary conditions will cause a
change in the regional hydraulic gradients which will lead to a change in flow rates.

The existing PA regional model was steady state, and was designed to apply the same
constant head and no flow boundary conditions for all of its simulations. Thaose
conditions consisted largely of the highest constant heads (~945m) assigned at the
northern corner of the model and the lowest heads (~900m) assigned at the southern end
of the model (Figure 7). The net hydraulic gradient applied over the existing model was
therefore approximately 0.001 m/m. Examination of existing Culebra groundwater head
maps (such as Brinster, 91, figure VI-2) shows that this is a representative gradient for
the region, and that deliberately extending the model boundaries either further north or
further south would not increase this overall gradient. Since the regional gradient is
from north to south, extending the eastern boundary limits of the model would also not
increase this overall gradient.

In the 3-D Regional Model study, Nash Draw is interpreted as a regional discharge area,

draining the Rustler units to the east and north (and also by implication via discharge
symmetry, to the west). It seems plausible that by increasing the hydraulic conductivities
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of the Culebra (via mining effects), drainage to Nash Draw, including from the Culebra
in the north, would increase dramatically and the water table would ultimately drop
across the CA. As the water table drops in the north, Culebra heads would also lower,
and the regional north to south head gradients would correspondingly lower to some
degree. In other words, it is unlikely that Culebra regional gradients, especially those
directing flow from the north to the south, would rise due to mining effects.

Given the information above, there were no reasons from a mining-effects standpoint to
alter the existing PA regional model boundary positions. Nor was there any justification
for changing the boundary conditions. In fact, it is conservative to maintain the existing
boundary conditions in light of mining effects. Those conditions are likely to generate
higher flow rates than what is expected via a drop in the water table. Also they maintain
conditions that encourage a north to south flow direction, in line with the so-called high-
T zone (which, in the case of mining would then be an extreme-T zone). As stated, it is
more likely that the regional gradients would be directed to the west, towards Nash
Draw, and thereby towards the low-T zone, significantly slowing down groundwater
velocities within the CA.

Digitizing of mining-affected areas into the Culebra flow model(s).

Scaled maps of the mining areas (Figures 4 and 5) were overlain by identically scaled
semi-transparent model grid maps (Figure 7). Model grid cells that lay within the
mining-affected areas were identified and entered into ascii files for both the full-mining
and the partial-mining cases. See other sections of this records package for detailed
information.

Determination of multiplication factors to use for the hydraulic conductivity of mining-
affected areas for each of the 100 base hydraulic conductivity fields.

As documented in the beginning of this report, the EPA guidance states that areas of the
Culebra affected by mining will experience an increase in K of up to three orders of
magnitude. In the PA implementation, a uniform random distribution of 100 mining
multiplication factors is generated for each major replicate. The range is of course from
a minimum of 1.0 to a maximum of 1000. Each multiplication factor (called minp_fac)
is then paired with a Grasp-Inverse generated K-field for the regional model domain.
The factor is only applied to the cells affected by mining.

Running of the Culebra ground water flow codes with the modified K-fields and
integration of these flow results into the solute transport models, taking into account the

regulatory criteria for probability of ‘future’ mining cases and the intrusion scenarios.

The regional and local Culebra ground water flow and transport codes are run as they
normally would be, with the following exceptions. Two separate series of runs are
made; one for the full-mining case and one for the partial mining case. The results of the
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runs are then adapted in subsequent activities that address, among other things, the times
of occurrence of the full-mining condition.

A complete description of this process can be found in Helton, ‘96, and is beyond the
scope of this document. However a brief summary is provided here for those familiar
with the mechanics of PA CCDF generation. Ultimately, one hundred individual
CCDFs are constructed, each with a different base set of parameter values. Each CCDF
is constucted from 10,000 possible different futures, using its assigned parameter set.
Within each assigned parameter set are parameters about mining. For example, there
will be two hydraulic conductivity fields in a parameter set; one for the partial mining
case, and one for the full mining case. There will also be a mining-multiplier value,
described earlier (ranges from 1 to 1,000) which was used to create those hydraulic
conductivity fields.

The timing of the onset of full mining is not contained in that parameter set. Instead, it is
incorporated into the Poisson process equations used to generate the 10,000 possible
futures. As stated, only two contaminant transport runs are actually conducted for each
CDF. Interpolation procedures are then used to approximate cumulative releases (based
on the output from those two runs) for each future. The relationship between the time of
full-mining onset and the times of intrusion (when a plume is introduced, if ever, into the
Culebra) is such that interpolation requires simplifying assumptions.

In some cases, due to the probability of occurrence, full-mining never takes place, and
the interpolation is straightforward. In the majority of cases, however, at some point in
time within the total 10,000 year framework, full-mining does take place. In those
cases, plumes which were already transporting according to a partial-mining velocity
field, are assumed to continue to transport according to that field. Only plumes which
are created after the onset of full-mining are assume to transport according to a full-
mining velocity field.

Analysis and Results

As discussed previously, the PA implements mining by first assigning areas of the
Culebra in the flow model domain that would be impacted, via subsidence, by mining
from the McNutt Potash Zone in the Salado Formation. Flow model grid cells that fall
within those areas are then given a higher hydraulic conductivity (K) than their original
assignment. The increased K is determined by applying a multiplication factor to the
original value. The scalar multiplier may range anywhere from 1 to 1000. Each of the
100 T-fields is paired with an individual scalar multiplier. Figures 4 and 5 depict the
affected model grid cells for the cases of Partial Mining and Full Mining, respectively.

[t would be natural to assume that raising Ks in a model (all other things being equal)
would make velocities increase, and therefore travel times would decrease. It would
follow that the greater the area of increased K, the greater the velocity increase. Yet, this
has not been the case. In the system modeled for WIPP, the full mining case has the bulk
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of the slowest travel times. In fact, flow runs with particle tracking were performed for
the ‘no-mining’ case, and they generated the fastest velocities of all.

The reason for this phenomenon is simple. Changes in Ks over such a wide area have
caused refraction of the normal groundwater flow paths. This refraction has created a
shift in flow directions in the LWB from the south to the southwest. Particles originating
from the waste panel no longer go down the original so-called high-T zone southward to
the LWB. Instead they travel more to the west. They need only be diverted slightly to
the west for dramatic slowdowns to be realized, since the hydraulic conductivities in that
direction are much lower than along the original path, and are unchanged by mining.

The cause for this refraction is equally simple. Examination of Figure 7 (boundary
conditions) shows that for the regional groundwater flow model, the boundary conditions
are such that there would be a regional tendency for flow to proceed from north to south,
merely because the highest heads are prescribed at the northern boundary corner and the
lowest heads are prescribed at the southern corner. Now consider Figures 4 and 5, where
the areas of application of full and partial mining effects are delineated. Given that these
areas effect an increase of K of up to 1,000 fold, it is no wonder that the resistance to
flow is drastically reduced therein. As the resistance is reduced, the hydraulic gradient
across those areas also drops. In other words, heads near the LWB (in mining areas) are
now far more similar in magnitude to heads at the model boundaries (in connected
mining areas) than they would be prior to any mining effect.

Consider the mining area that extends from the western model boundary region to the
western/southwestern portion of the LWB. The mining effect now causes the heads near
the LWB to be closer to values along the western model boundary (than they would have
been prior to mining). Now consider the tongue of mining area that projects down to the
northeastern/eastern section of the LWB (and inside of the LWB for the full mining
case). That mining effect now causes the heads in those areas to be closer to values
along the northern corner of the model (than they would have been prior to mining.
Since the prescribed heads at the northern model corner are higher than the prescribed
heads along the western boundary region, the heads along the northeastern/eastern
portion of the Land Withdrawal Area (LWA) are now higher than the heads along the
western/southwestern portion of the LWA. Therefore, the gradients are no longer
directed to the south in the LWA. Instead, they tend to the southwest or even to the west.
As the gradients go, so goes the flow.

Vector R0O40 of PA Replicate #1 is discussed here as an example. This vector includes
T-field #53 from the Grasp-Inverse series of runs, subsequently modified for mining.
Figure 8 shows the regional model hydraulic conductivity distribution for the no-mining
case. The modification consisted of the mining-impacted cells having their original K
values increased by a factor of 271.4. Figures 9 through 11 depict the local model K
values for the cases of no-mining, partial-mining, and full-mining.
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Figures 12 through 14 depict the local model hydraulic head contours for the cases of no-
mining, partial mining, and full mining, respectively. For the case of no-mining, the
contours depict a relatively steep gradient directed towards the southeast, followed by a
flattened gradient heading more or less southwards. In the case of partial mining, the
contours flatten somewhat and begin to separate into two distinct zones. The upper zone
maintains a southeasterly direction, while the lower zone would direct flow to the south
by southwest. In the full-mining case, this separation is more complete, and the lower
zone directs flow to the southwest by west.

Appendix NS11.3 contains a complete discussion of the particle tracking analyses that
were conducted in association with the Culebra flow model runs. That appendix details
the methodology and rationale for tracking swarms of particles originating within the
waste panel footprint. For the following discussion, only the particle originating from
the center of the waste panel footprint is shown, for clarity.

Figure 15 depicts the local model particle tracks for the same three cases. As expected,
they are consistent with the hydraulic head contours. Table 1. shows particle travel times
in years for the three cases, along with supporting information. As the table shows, the
fastest velocities belong to the no-mining case, followed by the partial-mining case (more
than 2 times slower), followed by the full-mining case (more than 7 times slower than the
no-mining case).

Table 1. Particle travel times (from center of waste panel area to LWB) for a
representative base hydraulic conductivity realization under nonmined, partially mined,
and fully mined conditions.

Grasp-Inverse| Replicate 1 scalar travel time: travel time: travel time:
T-Fieldid # | CCA vector #| multiplier | no mining | partial mining | full mining
(years) (years) (years)
53 40 271.4 3,581 8,461 27,790

This specific example of the no mining case being the fastest is but one of many cases in
which this behavior is exhibited. In fact, this behavior is the norm for this system, as
demonstrated in Figure 16. As that figure shows, in over 74% of the comparisons,
velocities are greatest when mining effects are not applied to a T-Field. In addition the
fastest velocity of all the cases is for a no-mining condition. Finally, it is notable that in
73% of the comparisons, velocities for partial mining are faster than velocities for full
mining (Figure 17). This is an important justification for the manner in which the
velocity fields are implemented into the PA. It shows that transporting plumes according
to a partial-mining case velocity field (as opposed to a corresponding full-mining case
velocitiy field) is conservative in the majority of cases. Furthermore, in the
circumstances where partial-mining velocity fields are faster than full-mining velocity
fields, the difference is often at an order of magnitude or greater. On the other hand, in
the cases where full-mining velocity fields are faster than partial-mining velocity fields,
the difference is never that great.
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Conclusions

The EPA guidance in 40CFR Part 194 and supporting documents has prescribed the
manner in which effects of potash mining upon Performance Assessment are to be
addressed. Their guidance involved treating the Culebra aquifer as impacted, via
subsidence from mining, in such a manner that hydraulic conductivities (where impacted
by subsidence) are raised by up to three orders of magnitude. Model studies were done
utilizing the EPA guidance. Particle tracking was performed as a preliminary analysis
tool by which to assess the relative impacts of the new mining guidance. It was
determined that incorporation of mining effects into the PA, in the manner guided by
EPA, would be advantageous, if anything, to compliance. The advantage would be
gained by an overall slowdown in the groundwater velocities generated by the suite of
groundwater flow calculations.
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Glossary

existing states, or present states, Physical conditions about the WIPP site, including the
subsurface, as they currently exist. This includes conditions (such as hydraulic heads in

the saturated zone) that may be currently influenced by human activities in the area, such
as petroleum or potash resource development.

near future states; Physical conditions about the WIPP site, including the subsurface, as
they are expected to evolve up to the completion of any resource-development activity
inthted (Le., for which a potash or petroleum lease exists and an application for a
resource-development permit has been filed with the State and/or the BLM) as of the
date of sealing of the WIPP shafis, if the activity could affect physical conditions
important to performance of the WIPP, This definition does not include conditions

resulting from any leases (and resulting development activities) that may be granted in
the future,

With regard to potash mining effects upon the Culebra, the so-called Partial-Mining Case encompasses
the combined effects of existing and near future states.

Jfuture states: Physical conditions about the WIPP site, including the subsurface, as they
are expected to evolve in the absence of resource extraction activities initiated
subsequent to the date of sealing of the WIPP shafts, except potash mining. For the issue
of potash mining, this definition includes conditions resulting from any potash mining in
the future, if mining could affect physical conditions important to performance of the
WIPP.

With regard to potash mining effects upon the Culebra, the so-called Full-Mining Case encompasses
the effects of all states; existing, near future, and future.
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Calculations:

This section summarizes some basic features of the analysis.
Complete discussion of data development is contained in the attached Summary Memo of Record.

Type of analyses:

Three ground water flow model sets (no-mining case, partial-mining case, and full-mining case), 100 runs
each, using SECOFL2D and TRACKER numerical codes.

¢ Horizontal 2-D flow, all steady state
s Equivalent porous media approximation
*  Single phase, single density flow approximation.

Model characteristics and parameters:

Regional grid and associated boundary conditions and material properties from 1996 PA Culebra regional
flow model.

Local grid and associated boundary conditions and material properties from 1996 PA Culebra local flow
model

Original transmissivity fields (L.avanue, 96) were modified. First, in the conventional manner for normal PA
analysis to correct for a different aquifer thickness and thereby to obtain hydraulic conductivity. Second, by
applying the mining multiplication factor to the affected areas (for two of the cases), according to the means
summarized in the attached Summary Memo of Record.

Names of Participants:
Michael Wallace, Dept. 6849 (RE/SPEC, Inc.) MS 1328

Rebecca Blaine, Dept. 6849 (Ecodynamics, Inc.) MS 1328

Dates Analysis Conducted:
Summer, Fall, 1996
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Plan of Work:

A set of screening analyses have been performed to evaluate the sensitivity of the WIPP
repository performance to the following FEP:

FEP Screening Issue Ns11: Subsidence Associated with Mining Inside or Outside the
Controlled Area

This records package provides background information on the process used for conducting
the screening analyses and summarizes the scenarios considered, identifies the computer
codes and input and output files used in the calculations, and describes the performance
measures that are used to help establish FEPs screening decisions. The statement of
recommended screening decision for the FEP is provided in the attached Summary Memo
of Record.

Planning Memos of Record:

A copy of the Approved Planning Memo of Record is provided on the following page.

Documentation of Changes from Work Analysis Plan:

The Work Analysis Plan, also known as the Planning Memo of Record, was superceded as a
result of newer regulatory guidance (40 CFR 194). That guidance is included here as
Appendix NS11.1, and constitutes the new plan, spelled out in detail in the attached
Summary Memo of Record. The original plan was written in 1995 using older regulatory
guidance (40 CFR 191 and a proposed but not official 40 CFR 194).
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O 20521

NS-11: SUBSIDENCE ASOCIATED WITH MINING INSIDE OR
OUTSIDE OF THE CONTROLLED AREA
Planning Memo of Record

TO: D. R, Anderson
FROM:  T. Corbet INFORMATION ON1Y
SUBJECT: FEP Screening Issue NS-11

STATEMENT OF SCREENING ISSUE

Subsidence over future potash mines could modify groundwater flow in strata overlying the Salado
Formation. The most important potential impact of future mining would be fracturing of hydranlically tight
units within the Rustler Formation. Such fracturing could increase the vertical hydranlic conductivity of
these units and thereby increase vertical leakage. It has also been proposed that depressions on the surface
caused by subsidence could collect surface runoff and consequently increese the amount of recharge to the
groundwater system.

The region of potential potash reserves in the upper Salado is more extensive than the controlled area.
This area, however, would never be mined in one pass. Instead, mine working would follow trands of the
highest grade ore. This pattern of mining would generate a complex and changing stress field in the
overlying rocks. The nature of the stress field, and its affect on rock properties, could not be predicted in
tbe absence of knowledge about the mining pattern. For the purposes of this FEP screening issue, it is
necessary, and probably sufficient, to assume as a limiting case that future mining would uniformly impact
rock properties in the entire region overlying potential reserves.

APPROACH
Calculation Design

Approximately 8 3D transieat calculations will be performed as part of FEP screening issue NS-8. For
this side effort, several of those sirulations will be repeated with temporally varying rock properties in the
area overlying potash reserves. Specifically, the vertical conductivity and specific storage of the anhydrite
layers will be increased st the simulated present time. The simulated impact of the rock property changes on
flow in the Rustler over the following 10,000 years will be used as a criteria to aid in making a screening
decision about this FEP issue. It would also be possible to increase the recharge rate over the mined area to
simulate the possible impact of surface depressions.

INFORMATION ONLY

PME_NS-11 1 May 30, 1995
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General Schematic of Data Flow for NS11:

case-specific modifications to this general data flow are detailed in subsequent sections

GENMESH
(Defines gridded mesh)

MATSET
(Populates the grid with
matenal-property data)

POSTLHS
{Adds sampled values to cdb
file)

1

RELATE
(transfers t-field to the above cdb file)

l

ALGEBRA
(multiplies affected t-field cells by the
appropriate mining factor)

FRESECOFL2D
(Transforms all input data to required
binary formats)

J,

SECOFL2D
(Solves governing PDEs for head and
thereby velocity)

POSTSECOFL.2D
(Adds SECOFL2D results to cdb file)

l

TRACKER
(performs particle track analyses)

l

BLOT
(Generates plots)
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Software:

Title and version of software used:

For partial-mining and full-mining cases, the TRACKER code was run directly on the
output from the CCA runs. Therefore only TRACKER and other downstream software
are listed here for these cases. For the no-mining case, RELATE and ALGEBRA were
applied to existing CCA files. Therefore, only those and downstream software codes are
listed for that table. The pertinent output from CCA is identified in a following section of
this records package (Data set and information files used, including name and version of all databases,

libraries, and datq files:).

Partial-Mining and Full-Mining Cases

software NS11 Calc NS11 Cale pointer to
partial-mining | full-mining SWCF
run dates run dates records
TRACKER, Ver. 5.01Z0 10-14-96 to 10-14-96 to WPO7483
3-8-94 10-15-96 10-15-96 also see
WP040516
Spreadsheets
Microsoft Excel Ver. 5.0c | various dates | various dates na
summer, fall, summer,fall,
96 96
Plotting and Data
Presentation Packages
BLOTCDB Ver. 1.37 various dates | various dates | WPO21260

6-4-96

summer,fall,
96

summer,fall,
96

SWCF-A:1.2.07.3:PA:QA TSK:NS11
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Software; (cont.)

No-Mining Case

Pre-Processor Nsl1 Calc pointer to

no mining SWCEF records

run dates
RELATE, Ver 1.43 9-30-96 WP022267
3-6-96
ALGEBRA, Ver 2.35 9-30-96 WPO21247
1-31-96
PRESECOFL2D, 9-30-96 WP032397
Ver. 4.05, 6-11-96
Analysis
SECOFL2D, Ver. 3.03 9-30-96 WP0O37271
5-7-96
Post Processor
POSTSECOFL2D, 9-30-96 WPO23298
Ver.4.04, 4-23-96
TRACKER, Ver. 5.01Z0 10-14-96 WPO7483 also
3-8-94 see WPD40516
Spreadsheets
Microsoft Excel Ver. 5.0c | various dates na

summer, fall,
86

Plotting and Data
Presentation Packages
BLOTCDB Ver. 1.37 various dates WP0O21260

6-4-96

summer, fall,
96
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Data set and information files used, including name and version of all databases,
libraries, and data files:

Data Development; creation of modified hydraulic conductivity fields for nse in the CCA

Data files that contain the results of the digitization of the mining-affected areas are part of
the CMS system. The initial files that were developed for that process are stored in the
Gateway 2000 computer at the desk of Michael Wallace, Dept. 6849, SNL (as of 11-19-
96) in C:/data/pish/

cells_in.dat cells affected by mining from inside the LWB

cells_pm.dat  cells affected by mining from outside the LWE

The above files are merely long lists of each regional model grid cell number, followed by
an identifer: 0.0 = no mining effect, 1.0 = mining effect

Those files were converted to ALGEBRA input files for application to the regional model.
They can be ‘fetched’ from the Configuration Management System (CMS) by entering the
following commands:

(for partial mining}

$ libalg

$ cfe alg sf2d_cca_ pm.inp

(for full mining)

$ libalg

$ cfe alg_sf2d_cca_ fm.inp
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Data set and information files used. including name and version of all databases,
libraries, and data files: (cont.)

SECOFLO2D runs; Partial-Mining and Full-Mining Cases

Most files are located currently in the WIPP Alpha Cluster in the following directories:

Partial Mining Case: F1:[FEP.RLBLAIN.NS11.P_MINE]

Full Mining Case: FI:[FEP.RLBLAIN.NS11.F_MINE]

File Characteristic Full Mining Case Partial Mining Case
starting CCA data see note #1 see note #1

com procedure track_13.com track_13.com

travel time ascii data, tt_riHH#_x.dat (x=1to 13) tt_r#HHE x.dat (x=1t013)
local track_x.inp track_x.inp

particle tracks, local

track_r### x.cdb (x=1t013)
sec note #2, this page

track_r#Hi#t x.cdb (x=1101%)
see note #2, this page

Note #1. For the partial-mining and full-mining cases, TRACKER was run directly on the

output from the CCA runs. The output used can be ‘fetched’ from the Configuration
Management System (CMS) by entering the following commands:

(for partial mining)
$ libsf2d

$ cfe sf2d3_cca_local_r1_v*_pm.cdb

(for full mining)
$ libsf2d

$ cfe sf2d3_cca_local r1_v* fm.cdb

Note #2. For all cases, the TRACKER output .cdb files were too large to be stored. They
can easily be recreated by running the track_13.com procedure (assuming the .cdb file has

first been fetched, if necessary, from CMS, see Note #1).
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Data Set.. . cont. SECOFLO2D runs; No-Mining Case

Most files are located currently in the WIPP Alpha Cluster in the following directories:
No Mining Case: F1:[FEP.RLBLAIN.NS11.NO_MINE]

File Characteristic

No Mining Case

RELATE
input files

gri_cca_rxxx.cdb see note #3.
reg.cdb, relate.inp

output files reg_nm_rxxx.cdb
com procedure relate.com
ALGEBRA

input files

output files

com procedure

reg_nm_rxxx.cdb
algd.inp

reg_nm_rxxx.cdb

alg.com

PRESECOFLO2D input files
cdb input
ascii input

reg_nm_r##Ht.cdb, loc.cdb

sf2d1_cca.inp

general output data

secofl_nm_r###.cdb

com procedure secofl.com, track 13.com
travel time ascii data, local i x.dat (x=1t013)
track_x.inp

particle tracks, local

track_#### x.cdb (=110 1%

see note #2

Note #2. The TRACKER output .cdb files were too large to be stored. They can easily be

recreated by running the track_13.com procedure.

Note #3. For the no-mining case, RELATE was used to adopt an existing model grid
setup from the CCA. That setup was ‘fetched’ from the CMS by entering the following

commands:
$ libgri
$ cfe gri_*.cdb

The partial mining or full mining hydraulic conductivity distribution was then replaced
with the original Grasp-Inverse generated T field. Then, ALBEBRA was used to modify
that T-field to a hydraulic conductivity field consistent with the proper CCA Culebra
parameter thickness of 4.0m.
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Computer platform:

All codes other than the Spreadsheets and Plotting and Data Presentation Packages were
run on the WIPP Alpha Cluster, open VMS Ver. 6.1.

Spreadsheets and Plotting and Data Presentation Packages (other than BLOTCDB)were
run on a Gateway 2000
Operating System, Windows 95

Source Listing of Macros and Other Application Software Codes:

see attachments of macros from Microsoft Excel spreadsheets used for SMOR Appendix
Ns11.3. appropriate pages follow.

These two macros are stored in the Gateway 2000 computer at the desk of Michael
Wallace, Dept. 6849, SNL (as of 11-19-96) in C:/data/paramete, as virgind.xls,
parmin3.xls, and fulmin3.xls, respectively.

The function of each of these modules was to read in 100 individual files that had been
temporarily imported over to this PC from the WIPP Alpha Cluster. Each file contained
travel times for the 13 particles tracked by TRACKER for each of the 100 flow fields for
the first PA replicate, for a no-mining case, and for the partial mining and full mining
cases, respectively. Elsewhere in these spreadsheets the travel times were converted from
units of seconds to units of years, and subsequent ranking and graphing operations were
performed.

Macro for No-Mining Case
" Macrol Macro
" Macro recorded 10/13/96 by Authorized Gateway Customer
Seb Macro}()
Counter =0
Do While Counter <9 ‘Loop.
Counter = Counter + 1 * Increment Counter.

Workbooks.OpenText Filename:= _
"CADATA\PARAMETEWMINP_FAC\WVIRTIMES\R.00" & Counter & " DAT", Origin'= _
xIWindows, StartRow:=1, DataType:=xIFixedWidth, FieldInfo:= _
Array(Array(0, 1), Amray(12, 1), Array(24, 1), Array(36, 1}, Array(48, 1), _
Array(60, 1), Ammay(72, 1), Array(84, 1), Amay(96, 1), Amay(108, 1), Aray( _
120, 1), Array(132, 1), Array(144, 1))

ActiveWindow LargeScroll ToRight:=t

Range("A1:M1").Select

Selection. Copy

ActiveWorkbook. Close

Windows("virgind XLS"). Activate

ActiveSheet Paste

Range("A" & Counter + 1).Select
Loop

End Sub
' mactime? Macro
' Macro recorded 4/30/96 by Authorized Gateway Customer
Sub mactime2()
Counter = 98
Do While Counter < 99 Loop.
Counter = Countet + 1 ' Increment Counter.
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Workbooks.OpenText Filename:= _

"CADATA\PARAMETEWMINP_FAC\WVIRTIMES\RQ" & Counter & " DAT", Origin:= _

xIWindows, StartRow:=1, DataType:=xlFixedWidth, FieldInfo:= _
Armay(Array(0, 1}, Array(12, 1), Array(24, 1), Arcay(36, 1), Amray(48, 1}, _
Amay(60, 1), Amay(72, 1), Amray(84, 1), Array{96, 1}, Amay(108, 1), Armay( _
120, 1), Array(132, 1), Array(144, 1))
ActiveWindow LargeScroll ToRight:=1
Range("A1:M1").8elect
Selection.Copy
ActiveWorkbook.Close
Windows("virgind. XL8"). Actlivate
AcliveSheet.Paste
Range("A" & Counter + 1).Select
Loop
End Sub

Macro for Partial-Mining Case

' mactime Macro
" Macro recorded 4/30/96 by Authorized Gateway Customer
Sub mactime(}
Counter = 0
Do While Counter <9 'Loop.
Counter = Counter + 1 ' Increment Counter.

Workbooks.OpenText Filename:="CADATA\Parametz\R00"” & Covnter & "DAT", Origin:=_

x1Windows, StartRew:=1, DataType:=x]FixedWidth, FieldInfo:=_
Amay(Array(0, 1), Array(12, 1), Array(24, 1), Amay(36, 1), Amray(48, 1), _
Array(60, 1), Aray(72, 1), Array(84, 1), Amray(96, 1), Armay(108, 1), Amay( _
120, 1}, Array(132, 1), Ammay(144, 1))
ActiveWindow LargeScroll ToRight:=1
Range("A1:M1").Select
Selection.Copy
ActiveW orkbook.Close
Windows{"parmin. XLS"). Activate
ActiveSheet.Paste
Range("A" & Counter + 1).Select
Loop
End Sub
' mactime2 Macro
' Macro recorded 4/30/96 by Authorized Gateway Customer
Sub mactime2()
Counter =9
Bo While Counter < 100 'Loop.
Counter = Counter + 1 ' Increment Counter.

Workbooks.OpenText Filename:="C\DATA\Paramete\R0" & Counter & " DAT", Origin:= _

xIWindows, StartRow:=1, DataType:=xIFixedWidth, FieldInfo:= _
Array(Arcay(0, 1), Array(12, 1), Array(24, 1), Amay(36, 1), Array(48, 1), _
Array(60, 1), Array(72, 1), Array(84, 1), Amay(96, 1), Amay(108, 1), Amay( _
120, 1}, Array(132, 13, Amay(i44, 1))

ActiveWindow.LargeScroll ToRight:=}

Range("A1:M1").Sclect

Selection.Copy

ActiveWorkbook.Close

Windows("parmin. XL5"). Activate

ActiveSheet.Paste

Range("A" & Counter + 1).Select

Loop
End Sub

Macro for Full-Mining Case
‘ mactime Macro
" Macro recorded 4/30/96 by Authorized Gateway Customer

Sub mactime()
Counter =0
Do While Countet <9 'Loop,
-Counter = Counter + 1’ Increment Counter.
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Workbooks. OpenText Filename:="CADATA\Paramete'R00" & Counter & ".DAT", Origin:= _
xIWindows, StartRow:=1, DataType.=xIFixedWidth, Fieldinfo:= _
Array(Array(0, 1), Array(12, 1), Array{24, 1), Array(36, 1), Array(48, 1), _
Amay(60, 1), Array(72, 1), Array(84, 1), Array(96, 1), Amray(108, 1), Array( _
120, 1), Array(132, 1), Array(144, 1))

ActiveWindow LargeScroll TaRight:=1

Range("A1:M1").Select

Selection.Copy

ActiveWorkbook.Close

Windows(" fukmin. XL5"). Activate

ActiveSheet, Paste

Range("A" & Counter + 1).Select
Loop

End Sub
' mactimeZ Macro
' Macro recorded 4/30/96 by Authorized Gateway Customer
Sub mactime2()
Counter =9
Do While Counter < 98 'Loop.
Counter = Counter + 1 ' Increment Counter.

Workbooks.OpenText Filename:="C\DATA\Paramete\R0" & Counter & ".DAT", Origin:=_
x1Windows, StartRow:=1, DataType:=xIFixedWidth, FieldInfo:= _
Array(Array(0, 1), Array(12, 1), Array(24, 1}, Array(36, 1), Aray(48, 1}, _
Array(60, 1), Array(72, 1), Array(84, 1), Armay(96, 1), Amay(108, 1), Array( _
120, 1), Armay(132, 1), Array(144, 1))

ActiveWindow.LargeScroll ToRight:=1

Range("A1:M1"}.Select

Selection.Copy

ActiveWorkbook.Close

Windows{"fulmin XLS"). Activate

ActiveSheet Paste

Range("A" & Counter + 1}.Select
Loop

End Sub

Documentation of deviations from baseline data set, including rationale:

No deviations. This FEP analysis uses only data from the baseline data set.
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Appendix NS11.1

Reproduced from 40CFR 194
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INVIRONMENTAL PROTECTION
AGENCY

40 CFR Part 454
[FRL—5448-5]
RIN 2060~AE30

Criteria for the Certification and Re-
Certifization of the Waste lsplation
Pilot Plant's Compliance With the 40
CFR Part 121 Disposal Regulations

AGENZY: Environmen:ial Protection
Amency.

ACTION: _

ne
el T

SUMKARY: The Environmental Protection
Agency (ZPA) is promulgating criteriz
Tor determining if the Waste Isplation
Pilot Plant (WIPP) will comply with
ZPA's environmental radiation
protection stangdards for the disposal of
radipactive waste, If the Administrator
of ZP4 determines thar the WIPP wil]
comply with the standards for disposa!l,
then the Admintsator will issue 1o the
Secretary of Energy 2 certification of
cernpliance whizh will allow the
emplacement of wansuranic waste in the
WIPP (o begin. provided that all other
SaTIoTY requirements have been met. If
& cerzification is issued, EPA will ziso
use 1is fingl rule 10 determine if the
WiPP has remainad in compliance with
ZP4’s environmentz! radiation
proteciion standards, once every five
vears after the inital receipt of waste for
disposal at the WIPP, This rulemaking
v-zs mangdated by the WIPP Lang
Withdrawal Act of 1092,

EFFECTIVE DATE! These repulations are
efective April 8, 1098, The
Incorporation of certain publizations
Lsted in the regulations is approved by
the Direztor of the Office of the Federal
Register 25 of April 9, 1998. A petition
for judizial review of this final action
must be filed no later than April 8, 1985
pursuant to section 18 of the WIPP Land
Withdrawal Actof 1852 (Pub. L. 102—
379

FOR FURTHER INFORMATIDN CONTAST:

Setsy Forinash, Mary Kruger or Martin
Offutr, 1=lephone number (202)-233~
£210; agdress: Radiation Protection
Divisjor, Mail Code 6502], U.S,
Znvironmental Protection Agency,
Weashington, DC 20460, Copies of the
Sackground Information Document and
Zronomic Imparct Anajysis which
atcompany oday's action may be
obizined 2t this address. The Agency
hias 2lso published 2 document,
azcompanying todey’s action, which
Tesponds in detzd! 1o signifizant public
comrneants that were received on the
oropoesed rude. This dozument, entitled

WWCF-A 1.3.07.2:PAIQA: TRENS |l

“Response tc Comments™ may be
obtained by contacting Betsy Forinash.

SUPPLEMENTARY INFORMATION:
Introduction
Purpose of Today's Action

Today’s action implements the
Environmenzal Protection Agency's
(EPA) environmen:al radiztion
protection standards, 40 CFR part 151,
by applying them to the proposed
disposal of transuranic radioactive
weste in the Waste Isplation Pilot Plant
(WIPP). The EPA previously
promulgated 40 CFR part 191,
"Environmental Radiztion Protection
Standards for Management and Disposal
of Spent Nuclear Fuel, High-Leve] and
Transuranic Radioactive Wastes,” to
provide standards that will apply 1o all
sites {except Yurca Mountain) ior the
desp geojogic disposal of highly
radioactive waste. Complete
descriprions of 40 CFR part 151 were
Dublished in the Federal Register in
1885 (50 °R 3B055-3B088, Sep. 18,
18E5) and 1883 (58 Fed. Reg. 55308—
€5£16, Dec, 207 1823}, The WIFPP is
subject 1o 40 CFR part 181, and is being
consmucted by the Deparmment of
Energy (DOT) near Carisbad, New
Mexizo, as z potential repository for the
safe disposai of mansuranic radioactive
waste. The EPA is required by the WIPT
Land Withdrawal Act of 1852 (Cub., L.
102-379) 1o evaluate whether the WIPP
will comply with subparts B and C of
40 CrR Part 18]—known as the '
“disposal regulations"—and 1o issue or
deny  certifization of compiianze. The
Department of Znergy is reguired 1o

" submit an application 1c ZPA thar will

be the basis of EPA's evaiuation of
whether a certification of the WIPFP's
compliance with the disposal
reguiations should be issued. The
Deparmment of Energy may not begin to
emplace transuranic waste underground
for disposal at the WIPP unt} such time
as a certification of compliance has been
issued anc all other repuirements of
section 7(b) of the WIPP Land
Withdrawal At have been satisfied.
With today's rulemaking, the Agency
estabiishes criteria by which to judge
whether the WIPP is in compliance with

the “disposal regulations” and sers forth

procedural repuirements for this
determination.

Today's action, 40 CFR part 194, also
applies to the periodic re-certification of
the WIPP's compliance with the
disposal repufations. The process of
periodic re-certification. established by
section B{f} of the WIPP Land
Withdrawal Act, calls for EPA 10
derermine whether the WIPP continues
to be in compliance with the disposal
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regulations, assuming that an initial
certification of compliance has been
issued. The Secretary of Energy must
submil to the Administrator of EPA
documentation of the WIPP's continued
compliance with the disposal
repulations, every five years after the
inital receipt of transuranic waste for
disposal at the WIPP, unti] the end of
the decommissioning phase. The
Agency will use the criteria set forth in
today’s rulemaking in determining

- whether or not the WIPP will have

coninued to be in compliance.

The WIPP was authorized in 1980,
under section 213 of the Department of
Energy National Security and Military
Applications of the Nuclear Enerpy
Authorization Act of 1880 (Pub. L. 95—
154, 53 Stat. 1258, 1265), “for the
express purpose of providing a research
and development facility 1o demonstrate
the safe disposal of radipactive westes
resulting from the defense activities and
programs of the United States.” The
waste proposed for disposal in the
WIPP, transuranic radioactive waste
(TRU waste), is waste consisting ol
materials such as rags, epuipment, 1ools,
protective gear and sindges which have
Decome contaminated during atomic
energy defense activities. The WIPP
Land Withdrawal Act defines
Lansuranic waste {o be waste containing
more than 10C nano-curies per gram of
alpha-emitting radio-isoropes, with half-
lives greater than rwenty vears and
atomic number greater than 82, per gram
of waste. The Act further stipulates that
radioactive waste shall not be
Tansuranic weste if such wasie also
meets the definition of high-Jevel
radipaztive waste, has peen specifically
exempted from the disposal regulations
with the concturence of the :
Administrator, or has been approved for
an alternate method of dispos by the
Nuclear Reguiatory Commission, The -
radicactive component of mansuranic
waste consists of man-made elements
created during the process ol nuclear
fission. chieflv isotopes of Plutonium.

Stanuery and Regulatory Besis

Today's action, 40 CTR part 194, was
mandated by Congress in section 8{c) of
the WIPP Land Withdrawal Act. The
criteria promulgated in this action
implement only those subparts of 40
CFR part 181 that apply 1o the disposal
of tensuranit radioactive waste. As
statec in the Code of Federal
Regulations, Appendix C of 40 CFR part
181 s puidance for the implementation
of the regularions contained in 40 CFR
part 18] that is not binding on the
implementing apency, which is ZP4
with respect 1o the WIPP. Appendix C
was designed 1o apply to all geolopic
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repositories for the disposal of highly
radioactive wastes, not necessarily 16
the specific site characteristics of the
WIPP and not only 1o ransuranic waste,
As a result, the Agency Jound in
Seveloping today’s action that only
some of the puidance contained in
Appendix C had specifjc relevance to
the WIPP. Today's action has been
guided by only those aspects of
Appendix C that the Agency has
delermined. based on technica) and
policy considerations, 1o be applicable
10 the WIPP.

Today’s action. 40 CFR part 194, does
not amend 40 CFR par: 191, With the
Znergy Policy Act of 1BB2, Congress
mandarted the developmant of
regulations 1o replace 46 CFR part 181
ior the Yucea Mountain site only, but
ihe entire siandard, 40 CFR part 12],
Temains applicable 1o the WIPP. See 105
Stat. 2821, section BD1(a)(1). Subpart 4
0740 CFR par 181 applies to the
InZnagement of spent nuciear fusl, high-
fevel and mansuranic radioactive wasies
aLsites designared for the disposal of
these wastes, Sectipn 5(a} of the WIPP
Zand Withdrawal Act stipulates that the
Secretary of Znergy shalj comply with
respect e the WIPP with Subpart 2 of
<0 CFF pam 161, The Agency has not
mmdismented these reguirements in
1day's action; 40 CFR part 194, but
intends to issue guidance for their
zpplication to the WIPP at 2 future date,

Lompliance With Other Environmenza]
Laws anc Resuiations

The WIPP is regulated under the
Resource Conservation and Recovery
Azt [RCRA)Y and is subject to both the
Fat B licensing Teguirements and the
iand disposal restictions of that stature,
The WIPP must comply with other
snvironmenial laws, including, among
omner siatutes, the Clsan Ajr Act {40
U.S.C. 7401 er =2g.), the Toxic
Substanzes Control Act (13 T.8.C. 2801
&iseq.) and the Comprehensive
Znvironmenzal Response,
Compensation, and Liabiliry Act of 1580
42 U.S.C. 9501 e+ s2g.). This action
dpes not 2iect the nead for DOE 1o
Somply with these ang all orher
zpplizable environmenta] laws with
Tespesi it the WIPP,

- Public Invoivement in Taday's

Rujemaking
The Agency has aken significant

SIeDs 10 imvolve the publie in the
Tuwlemaking for todzy's action. The ZPA
Dublished an Advanced Notice of
Froposed Rulemaj:.ing (ANPR) in
“=bruary, 1093 (5E FR B029) which

' icited public comznent on eight

..5uss cemral 10 the development of this

fingl rule. The Z24 egain solizited

SUOCF-A
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public comment on 2 preliminary draft
of the propesed rule, in lanuary, 1954,
The Agency published 2 notice of .
proposed rule on January 30, 1895,
which announced the star of & public
comment period of 50 days (60 FR
3785). The Agency convenzd a technical
workshop in February, 1995 for the
EXPress purpose of soliciting the views
of both scienific experts and the public

On issues germane to the rulemaking. In-

March, 1803, the Agency held public
hearings in three cities in New Mexico
to solicit public input on the notice of
proposed rule. On Aupust 1, 1905, the
Arency Te-openzd the comment period
on the notize of proposed rule for an
additional £3 days (80 FR 28131,
During the entire commen: period on
the proposed rule, the Agency received
over 100 written public comments. The
Agency has responded to significant
tomments received on the notice of
proposed rule from both wrinen
submissions and from festimony at the
public hearings, including lare written
comments received soon afier the close
of the sezond part of the comment
period, in a document pubiished
concurrenily with today's acrion. In
September, 1995, EPA conducted 2
public meeting of the WIPP Review
Committee of the National Advisory
Council for Environmental Poli cy and
Technology NACEPT) on three issues
relevant 1o today’s acrion. During this
mesting, members of the public
provided formal presentations and oral’
COMINEents to the committes. See 50 FR
4347043471 (Aug. 21, 1983).
Summary of the Final Rule

The Supporting rationale for today's
action, found in the following summany
and discussion of principal changes, ig
iurther explzined in the Background
iInforrnation Document and the
Respornse 10 Comments which
accompany today’s action, copies of
which may be obrained as descriped in
the siart of this notice. Those sactions of
the final rule which have remained
unchanged since the mule's Dbroposal are
aiso further explained in the notice of
propased ruls (80 FR 5766-5721).

Subpart A: General Provisions

Subpart 4 of the fina] rule establishes
provisions related to the structure of the
final ruje irself, including: Purpose,
SCOPe and applicability; definitisns:
substitution of alterpative provisions for
those promulgatad i today’s final rule;
and procedures which shall be followed
in communications and WIillen reports
submitted by the Secretary of Energy 1o
the Administrator. Further Provisions
are set forth which incorporats by
teference several publications.
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Publizaiions sp incorporaled shall have

the serne Jepal force ang tifect a5 the

other requirements of (he fina] rule.
Section 194.4 of subpart A permits the

Apency 1o specily conditions on the

‘ssuance of 2 certification 2nd to issue

2 modification, suspension or

revocation of a certification. The Agency

would, for example, specify conditions

in the event that the necessarv

‘confidence in the WIPP's compliance

could be achieved by the
implementation of addidonal measures,
or if EPA determines that the WIPP wil)
comaly with the disposa] regulations if
cariain terms of the apolication were 1o
be changed.

The Agency would consider issuing 2
modifization, SUSpEnsion or revocation
whenever the disposal aztivities or
disposal system change such that
significant informatipn contained in the
mestrecent compliance application
WETE N0 Jonger to remain pue. Sucha
situation may oesur if (1) DOE plans to
make z significan; change to the
disposal system or dispesal activities, or
i2) DOE diszoversg that & sipnificant
thange has occurred in the disposal
System or disposa] activities: in either
case DOT must inform the
Adminismator in wrinng, ' DOE finds
the latter condition 1o be tue, then DOE
raust determine if z relezse of waste
from the disposal system has occurred
or is expecred 10 ogceur that would rause
the numerical reguirements of the
disposal regulatidns to be exceeded.
Relezses which might ozcur during
Tanagement operations, coveres nngder
subpar 4 of 40 CFR part 121, which do
notreiate 1o compliance with the
disposal regulations would not
Tlecessitate this Livestigation. However,
i DOZ conducss this investigation and
determines that such a relezse hag
occurred or is likely to oszur, then DOE
shall notify the Adminiszator of this
fact and immediately cease emplacing
Waste in the WIPP. I such sitsations,
the Administrator will determine which
of thres actions—modif cation,
Suspension or revocation—will be
appropriate. Any modifications and
Tevocations issued by EPA would affect
the certification issued pursuant io
sertion 8(d) (1) of the WITP Land
Withdrawal Act and must be conducted
by rulemzking under section 533 of the
Administrative Procedure Act Sze3
U.5.C.353. A SusDension may be issued
2l any ime at the Adminisrrator's
discretion so as 10 promptly address any
Potential threat to public health. A
suspension shall remain in place until
such time 25 DOE shall have effected
remediations as NeCessary 10 re-establish
e WIPP's compliance with the
disposal regulations or until ZPA will
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Leve modified or revoked the
centification. DOE shall not restart
cmplacing waste in the WIPP until the
Adminisuator notifies DOE in writing
thai the suspension heas been iifted.

Subpart B: Compliance Certification
and Re-cerufication Applications

Subpart E of the final rule sets forth
reguirements for the format and content
of compliance zpplications. Section
182.11 of the final rule stipulates that
DOE mus: submit a complete
compliance application before the one-
wvear, statutory review period shall
commence. See Fub. L. 102-379, section
5{d}(1). Should DOE's initial submission
be incompiete, the Administrator will
expizin the nature of the deficiency and
will request DOE 10 submit further
information uniil the Administrator has
notified the Sezretary that all materials
necessary for a complete application
have been received. This prozess will
ensuwre that the Agency’s one-vear
neriod weill be devored exclusively to 2
subsianzive, meaningful review, This
Drovision applies as well 1o the
compliznze applizations perindically
submitted by DOE for re-certification of
compliance, Once the Administrator has
notified the Secretary of Energy that 2
complete compliance application for re-
certification hes been received, the
Agency will commence the six month
review Deriod as provided for in section
8(f) of the WIPP Land Withdrawal Act.
Section 134.12 requires that 30 copies of
the compliance applications and any
accompanying materials shall be
subminted to the Administrator. Section
184.13 requires that compliance
2pplications be accompanied by any
referenced materials, unless such
materials are penerally zvailable.

Section 18£.14 of the final rule lists
those elements which the Agency
requires 10 be in 2 complete compliance
zpplication. In general, compliance
zpplicetions must include information
relevant o demonstrating compliance
with each of the individual sections of
e final e The Agency intends to
publish the final varsion of the
Compiiance Application Guidance
(CAG) a: 2 later darte 1o provide detailed
guidance on the submission of a
complers compliance application.

Section 194.15 of the final ruie
specifies that DOE must submit any
additional information that will have
been gathered during the elapsed five-
vear perjnd and thar is relevant to
complianze with the disposal
regulations. To facilitate the Agency’s
review of compliance applications for
re-sertification, todaxy’s final rule
stipuiates that DOT will not have to re-
suomit informmation that will have been
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included in previous compliance
epplications, provided that the
inforrnation will have remained true
and accurate. The current compliance”
application should tlearly reference
such information so that the Agency's
review of the section in question can be
eccomplished expeditiously.

Subpart C: Compliance Certification
and Re-certification

Subpart C establishes the
requirements that apply to the
performance assessments and
compliance assessments that wil] be
used to demonstrate compliznee with
the numerical requirements of the
disposal regulations. in addition,
subpart C implemen:s the si assurance
requirements of the disposz] regulazions
and also estadlishes seven general
requirements in £§ 194,21 through
184,27 which must be me: by all
portions of and all activities essoriated
with complianze applicarions.

Section 154,21, inspections, provides
ZPA with right of inspection of all
acuivities at the WIPP ang ali activities
iocated off-site which provige
information included in comnpliance
applications. The Agency will conduct
periedic inspections, both announced
2nd unannounced. 1o verify the
adequacy of information inciuded in the
compliance applications. The Apgency
mzy conduct its own laboratory tests, in
paralisl with those conducted by DOE,
S0 25 1o confirm the adequacy of the
technigues emploved at those facilities.
The Agency may 2lso inspest any
relevant records kept by DOE, including
those records reguired to be penerated
pursuani to todey's aciion.
~ Section 184.27, ouality zssurance
{QA), sets reguirements that 2pply to
data and information collected 25 part of
the WIPF program. The Agancy requires
qualiry assurance programs to be
implemented, 2s soon s practicable
2fter Aptil €, 1098, that mesi the
requirements of the American Society of
Meachanical Enginesrs {A5ME) *Qualiny
Assurance Program Reguirements for
Nuclear Farilities” (NQ4-1-1983),
ASME's “Quality Assurance
Requirements of Computer Sofrware for
Nuclear Facility Applications™ (parz 2.7
of NQA-22-120D addendum 1o ASME
NQA-2-1989), and ASME's “Quality
Assurance Requirements jor the
Collection of Scientific and Technical
information on Site Characierization of
High-Level Nuclear Waste
Repositories,” (NQA~3—1989 edition),
excluding sactions 2.1(b), 2.1 (c) and
17.1. Section 164,35 of the final rule
incorporates these three publications by
reference. The Agency believes that
ASME's standards offer the most
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comprehensive and specific set of
reguirements for nuclear facilities and
has therefore used these standards in
place of establishing new requirements.
Parasraph (a)(2) of § 104.22 reqguires that
OE rmust implement a quality
assurance program that meets the above
three sets of ASME's requirements for
seven specific program elements of the
WIPP and for any other sysiem,
Srucluse, component, or activity
imporiant to the containment nf waste

- In the disposal system.

Data that were collected prior to the
implemeniation of the above programs
must also satisfy guality zssurance
requirements. Any compliance
application must demonstrate, subject 1o
the approval of the Administrator or the
Administrator's authorized
representative, that such dats were
quelified using one or more of the
following four methodologies: (1) Use of
& methodology that is substantially
cguivaient in effect to the three sets of
ASME's reguirements; (2) peEr Teview
that is compatible with NUREG-1297:
(3} corroborating data: or (£)
confirmatory testing. The Apency
believes that each of these latter three
methods provides a means of inferring
the quality of the existing data by
subjecling some aspect of that data to
additional scrutiny. Peer review
involves e eritical evaluation by an
Independent review group of the
adequacy with which the experiments
used 1o acquire this data were planned
and conducted. The use of corroborating
datz evaiuates the degree 1o which the
exisling data agree with data generated
from similar work that has already been
published in scientific journals, along
with an appraisza] of the later’s guality.
Confirmatory testing involves repeating
z small portion of the experimsnts,
using duality assurance metheds that
meet the requirements of ASME's
standards, and comparing the resulting
dala to the data in question. In the last
two aiternate methodologies. the level of
agresment between the existing da and
ihe corroborating or confirmatory data
provides zn ohjective measure 10 essess
the guality of the existing data, if only
in part. All gualiry assurance programs,
both for existing data and data that hes
yet 10 be collected, mus: zssess the
acturacy, precision, representativensss,
compisteness and comparability of dats
To verify that the quality assurance
Programs satisfy the requirements of
this section, the Administrator will
conduct inspections which may include
surveillance, audits and managemeant
Syslems reviews,

Section 18423, models and computer
codes, sets requirements for the models
and computer codes usad in
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performance assessments and
compliance assessments. Compliance
applications must demonstrate that
periormance assessments ang
cempliance assessments make a lopical
progression from conceptual models 1o
mathematical models to numerical
models and finally to computer models
and codes. Compliance applications
must provide information on and
descriptions of models and computer
codes which will permit the Agency 1o
conduct a review of the modeling
approach, theoretical bases, and the
methodology employed in developing
the list of processes and events used to
support the compliance application.
Compliance applications must include
evidence that all computer codes
comply with the requirements of part
2.7 of ASME's NQA-2a-1090
addendum.

The Agency intends 1o conguct
detailed reviews of the computer codes
used in performance and compliance
2SSESSMents, since it is the results of
computer codes themnselves tha: will be
compared 10 the numerical
reguirements found at section 13 of 40
CFR part 181, Compliance applications
must provide: Dascriptions of the
theoretical backgrounds for each mode}
and the method of analysis or
assessment; 2 line-by-line listing of

* . codes, which may be subniitted in

electronic format; a discussion of the
weaunsnt of correlation between
sarameters: and other information
fliecessary 10 permit the Agency io
conduct its review. Upon reguest, DOE
must provide the Apency with the
means to conduct its own simulations,
The final rule requires that any
compuier files and hardware that will
be necessary for Performing simulations
shall be made available within 30 days
of 2 request from the Administrator or
the Administrator’s authorized
representative.

Sectian 154.24, waste -
characterization, hes been revised in the
inal rule. A discession of the rationale
for the changes is contained below in
1he section of the supplernentary
information, “Principal changes in the
iinal rule.” The finaf rule requires DOE
1o identify and describe quantitative
information on those physical, chemical
enc radiojogic tharacteristics of the
wasie that can inftuence disposal
system performance. The Apency does
1101 #Xpect of requiire that every drum of
Tensuranic waste be opensad in an effort
1 provide an exhaustive
characrerization of the contents, Rather,

.. 1"he Agency expests that DOE will

-2mple drums of waste to the exqent
~ascessary and will combine the resul:s
wiil: other information such es prozess
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knowledge to determine the waste
characteristics, The Jeve] of accuracy
needed in weaste characterization js
determined by the depree of accuracy’
2ssumed in the compliance application.
A waste characteristic, as defined in the
final rule. is 2 physical or chemical
paramneter (hat serves 2s 2 guantitative
input to performance assessments or
compliance assessments, examples of

which are splubility and compactibility. -

DOE must conduet an analysis to
identify and assess the impact on Jong-
termn periormance of those waste
characteristics whizh infiuence the
containment of waste in the disposaj
svstem. This section of the final rule
lists sperific characteristics which must,
4t 2 minimum, be included in the
analysis,

The final ruje requires DOE to
establish limits on the guantities of
cifferent “waste components,” such as
celluiasics, metais or activiry in curies,
that may be proposed for disposal and
emplaced in the WIPP. A waste
component is distinguished from &
waste characteristic in that the former is
2n amoun: of a type of waste present in
the total inventory— expressed zs a
volume, mass or weipht (or curjes, in
the case of activity)—whereas the laer
iz any parameter that describes the
physical, chemical ar radiologic
properties and behavior of some or all
of the containers of waste. Far exampie,
& container of waste might contain 2
given guantity of chelating agents,
which are 2 waste component. An
example of 2 corresponding waste
characieristiz is the soiubility in brine of
the radionuclides in 2 container. The
fnal rule requires thar DOF establish
upper or lower limits, as 2ppropriate, on
the total ampunt of each veaste
component tha: may be empiaced jor
disposal in the WIPP, A lower limit
ight be specified for Eas-gettering
Waste components, and an uppear Hmit
migh: be specified for cellulosics. The
final rule reguires that these upper and
lower limits be established basad on ihe
Lozal inventory proposed for disposal
such that the results of 2 performance
assessment will comply with the
containment requirements of 40 CFR
121.13 when these values are used,

Performance assassments and
compliance assessments must use the
values for each waste characteristic as
sach would exist in the disposal system
essuming that an amnount of each waste
tomponent, equal to that compenent's
upper or lower Limit, as appropriate,
Were emplaced in the WIPP, As waste
is emplared in the WiPP, 2 running total
must bs kept of each waste component,
The final rule reguires that rhe quantity
of each waste component that has bee
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emplaced in the repository shall not
cause the upper limits tc be exceeded
UT. 25 2ppropriate. shzll not preclude the
1oizl emplaced quantity of any waste
tomponent from eventually reaching its
iower limit. Compliance with the lower
Limits shall be demonstrated by DDE
using information on the veaste loading
scheme, the total amount of that wasie
component thai has been emplaced-in
the Cisposal svstem to date, the toial
amount of that waste component listed
in the 1otal waste inventory described in
the current compliance application, and
the amount of that waste COmponent;
that still has ye1 10 be generated. DOZ
Inusl establish z svstemn of zontrols to
verify that this requiremen: wil be me;
anc shall submit documen-agion
demonstrating this with any compliance
applicarion.

Sertion 184.24 alsp Teguires that
performance assessments and
compliance assessments shall be
conducted in accardance with tha waste
loading procedures angd schames that
will be emploved. If 2 waste loading
scheme is not included in the
compliance application, ths
performance zssessmenss ang
compliance assessments mrg- 255ume
that the containers of waste are
randomly empiaced ip the WIPD. Thus,
for exampie, DOE shall not assume tha:
the waste components ang
characteristics are evenly distributer
throughout the repository unless 2
proposed loading scheme that would
caise tis to occwr has been included in
the current compliance applicztion,

The final ruie extends tne
reguiremesnts of § 104,22 on guality
assurance, 1o process knowiedge
acguired and used during wasre
characterization activities. The final rule
specifies that the total inventory of
Waste proposed for disposal in the WIPP
Tmust comply with the limitations on
Tansuranic weaste found in the WIPP
Land Withdrawal Act. The final Tule
enables the Adminisrator 1o use audirs
and inspections o verify compliance
with the wasie characierization secrion,

ection 194,25 of the final nile
specifies requirements on furmre stare
assumptions. The Agency TECOpMizes the
inherentiy conjectural narurs of
specifications on future states and
wishes to minimize such speculation in
compliance applications. The Agency
has found no acesptabie methodology
that could make reliabie predictions of
the future state of sociery, stience,
languages or other characteristics of
future mankind. The Apency doesg
oelieve that established scientific
methods couid make Dlausible
predictions regarding the fumire state of
thres classes of namiral Drocesses,
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namely eeologic. hydrogeotogic and
ciimatlic conditions. Hence, the final
rule requires that performance
assessments and compliance
essessments shall include dynamic
anzlyses of geologic, hydrogeologic and
climatic processes and events that will
evolive over the 10.000-year repulatory
time frame. DOE shall assume that all
other present day conditions will exist
in their present state for the entire
10,000-year repulatory time frame.

Section 194.26 sets requirements that

2pply to expert judgment. Typiczlly,
expert judgrnent is used Lo elicit two
wpes of information: (1) Numerical
vatues for parameters (variables) which
arg meesurable only by experirments that
cznnot be conducted due to limitations
ol ime, money and physical situation;
and {2) essentizlly unknowable
information, such as which features
shouid be incorporated into passive
insftutiona] controls that will deter
human intrusion into the repository.
Quality assurance must be applied to
expert judgment fo verify that the
prozedures for conducting and
documenting the expert elicitation have
been followed. The final rule prohibits
exper: judgment from being used in
place of experimental data untess DOE
cen provide 2 jusrification explaining
why the necessary experiments couid
not be conducted. EXpert judgment may
substitute for experimental data in those
inszanczes where limitations of time,
resources or physical setting would
heve precluded the suzcessful and
umely collection of data

The compliance application must
provide documentation which
demonstrates that the experts have the
necessary gualifications for addressing
ine guastions and issues put hefore
them. Compliance applications must
explein the connection between the
guestion posed 0 the expert panel and
the manmer in which the final report of
the panel is ysed in the compliance

- zpplication. These requirements have
peen included to prevent any misuse of
expert judgmeant as mipht resuit fram
the 1se of the results of one elicitation
prozess in answer 10 2 new and separate
guestion that was not posed to the
experts anc for which, if zcked, the
£perts might have provided 2 different
2nSwer,

The final rule places reonirements on
the composition of the expert panel,
including the fraction of panel mambers
wha are not employed by DOE, At leest
twe-thirds of the experts siting on an
expert panel shall not be employed
Cirectly by DOE or its contractors.
University professors with grants from
DOZ for research not related to the
WIFP will not be considered employees
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or contractors of DOE. nor will the New
Mexico Environmental Evaluation
Group and the National Academy of
Seiences' Board on Radipactive Waste®
Manapement and WIPP Panel. In
exceptional instances, DOE may use as
few as one-third non-DOE employees if
2 sufficient number of non.DOE
employees cannot be found. DOE must
submit documentation which
demonstrates that 2 sufficient number of
non-DOE expents were not available. in
the proposed rule, the Agency had set
this minimum at one-half of the expert
panel’'s membership, However, because
of the pervasive effort of DOZ in the
fielés of highly radioacrive waste
disposal and actinide chemistry, the
Agency has lessened this requirement in
the final rule in striving to balance the
imporiance of technical expertise with
the need for the advice to be impartial.

The section on expert judgment
requires that the public be piven the
opportunity to present informmation 1o
the expert panel to allow the public's
views to be incorporated in the expernt
Jjudgment process. This reguirement will
help prevent an inapproprizately namrow
spectrum of background information
from being presented 1o the experts
which might have slanted the outcome
of the elicitation process. This section
2lso reguires that the elicitation process
be wel! documented so as to
demonstrate 2 logical progression from
the {irst statement of the issue given 1o
the panel members 10 the combination.
and pressfiiation in the final report of
the elicited results.

Section 104,27, peer review, hizs bean
revised in the final rule. The rationzle
for thase changes is discussed in the
section of the SUPPLEMENTARY
INFORMATION, “Principal changes in the
finel rule.” Given that decisions in the
field of highly radioactive weste
disposal are inherently first-oi-2-king,
the Agency is requiring peer review sp
that others working in the field can
confinm the adeguacy of these decisions
and interpreiations. The final rule
reguires DOE to condust peer review of
three specific elements of the WP
program. In spezific, the Agency has
required peer review of the conceptual
models that DOE selects and develops,
waste characterization assessments and
the study of engineered barriers. The
reguirement for peer review of
conceptual moedels will enrich DOE's
process of selecting and developing
conceptual models with & broad
spectrum of scientific viewpoints. Waste
characterization is a field in which
many new and precedeni-seming
technigues will be employed in areas in
which no standardized pracrice exists.
Peer review of waste characterization is
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indicated due 10 the importance of 2
knowledpe of the physical, chemical
end radjological siate of the waste jn
predictions of the long term
performance of the disposal system.
This section, §184.27, requires peer
review 1o be conducted of the study of
engineered barriers so as to ensure that
the best possible information is
provided to DOE on the selection of
engineered barriers. Additionally, this
s&clion requires compliance
applications to include documentation
of any peer review activities that DOE
may hzve conducied apart from those
required by this rule. including those
acuivities which are similar to pesr
review, such a5 the reviews conducted
by the WIPP Panel of the National
Academy of Sciences,

The Agency is requiring that Deer
review which occurs subseguent 1o the
promuigation of 1oday's action must be
conduciet azcording to the guidelines
of NUREG-1257. The final ruie
incorporates this publication by
reference, as specified in § 154.5. The
specific reguirements in NUREG-1257
that discuss for which activities peer
review should be condurted do not
2pply, nor do they supersede the
reguirements of the final rule. Peer
Teview which has been conductec prior
10 today’s action must be dozumenteg in
compliance applications. Such past pear
review activities must conform 1o either
NUREG-1257 or to an altemnate set of
criterion which are substantialiy
equivalent in effect to NUREG-1287 and
whith have been approved by the
Administrator.

Sections 194.31 through 194.34 of the
final rule implement the numerizal
tontainment requirements of £ CFR
181.13. Section 184.31, which provides
instructions for seming the release limits
of appendix A of 40 CFR part 181, has
been revised from the proposed rule.
The rationaie for this change is
explaineg in the section, “Principal
changes in the final rule.” Secdon
194,31 now specifies that the relesse
limits are to be determined based on the
total activity, in curiss, of ransuranic
wasie preseni atthe time of disposal (es
defined in 40 CFR 181.2). If the activity
of 2 waste container is 2ssavec prior 1o
this time, then the known rates of decay
for the radionuclides in the container
should be used to calculate the activiry
of the waste 25 it will exist at the
anticipated time of disposal.

Section 184.32 stipuiates that
performance assessments shall include
both narural and man-rade prozesses
and events which can have an effect on
the disposal system. Performance
assessments need not include those
processes and events which have 2
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probabiliry of less than I in 10.000 of
occurring during the 10,000-vear
repulatory time frame. For the purposes
of this screening requirement, processes
and events must be anaiyvzed in the most
eeneral formulation possible: for
exarnple. the probability of dissoiution
must be 32t equal to the probability of
al! nvpes of dissolution occurring
anywhere in the Delaware Bagin during
the regulatory time frame. Performancs
assessments should, however, conduct
stparate anaivses of the different
gissolution fronts which pecur in the
Delaware Basin 50 25 to account for the
different hydrogeologic characterisiics
of each.

With respect to man-made processes
ZnG events, perforrnance 2SSESSMENS
must include the effects of drilling
events and excavation mining. Some
natural resources in the vicinity of the
WIPP can be extracted by mining. Thes=
nztural resources lie within the geoiogic
formations found at shallower depihs
thzn the tunnels and shafrs of (he
repository and do not Lie vertically
zbove the repository. Were mining of
L1258 resources 10 ozcur, this could alrer
the hydrolopic proparties of overiying
fs:'mat.ions—m:]uding the most
Tarsmissive laver in the dispesal
svstem, the Culebra dolomite—so 25 o
eithier increease or decrease grounG-water
revel times ta the accessibie
environment. For the purposes of
modeling these hydrologie Droperties,
tis changs can be well reprasented by
making corresponding changes in the
values for the hydraulic con ductivity,
The Agency has conducted 2 review of
the datz and scientific Lireratyre
discussing the effezts mining can induce
i the hydrologic properties of a
fermation. Based on its review pf
aveilabie information, the Agency
SXDEC!s That mining can, in spme
InSances, increase the hydrapliz
conductiviry of overlying formations by
2s muzkh as a fator of 1,000, although
smelier or even negligible thanges can
25t be experted to ocour. Thus, the
finel ruie reguires DOE 10 consider the
effects of mining in performance
assessments. in order to consider the
232218 of mining in performance
essessments, DOZ may use the lo~stion-
speciic values of hydraulic
conductivity, established for the
Cifferent spatial locations within the
Cuiebra dolomite, and trear them as
sempiecd parameters with each having &
Tange o values varying between
unchanged and increased 1,000-fold

_reiative to the value thar would exist in
1€ absencze of mining.

: The Agency recognizes thar other

numerical changes ta the hydraulic
sondustiviry values may be more
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appropriate jor use in representing the
effects of mining. Compliance
2pplications must include 2 discussion
of the rationale and experimental data
which support the hydraulic
conductivity values chosen and the
effects of mining on the range of these
vajues. The Agency further recognizes
that some parameter other than
hydraufic conductivity might be
demonstraied 10 incorporate, eoually or
perhaps better, the potential effects of
mining in periormance assessments.
DOE may elect to use another
parameter, provided that DOT can
demonistrale that the use of this other
Darameter is egually or more
appropriate than hydraulic conductivity
in reflecting the potential efects of
mining on the disposal system. Pursuan:
to §194.34 of the final rule, performance
a55e35Iments must randomly sample
across the full range of values that have
Deen established for all uncertain
variables, including the hvdraulic
conductivity of the Culebrz dolomite
established 2s discussed above.

The final rule specifies thess
assumptions and methods that shal} be
used in periomnance assessments 1o
account for the effects of mining. As
with driliing, the historical record of the
past 100 ye=ars' mining actvity in the
Delaware Basin provides a reasonable
basis for predizcting the narure of furure
mining activity. Accordingiy, the
Agency examined the records of past
Inining of mineral resources in the
Delawars Basin, using data supplied by
the U.S. Bursau of Land Management.
The Agency found that the areal extent
of mining in the immediate virinity of
WIPP pver the past 100 years covered
roughly one percent of the land area o7
Ine entire Delaware Basin and used this
information to prediet the likelihood
62t 2 mining event wouwld oceur in
succeeding ceniuries, Accordingly, the
final rule repuires performance
2SSSSSTENLS 1D 2ssume that, in each
century after ciosure of the repository,
there will be & 1 in 100 chance that 2
singie mining event will oceur within
the conwolled arez. As explained later
ini this section, the assumed mining
event wouid remove all of the existing
mineral deposits lving within the
contrplled arez that are of similar
guality and tvps o those minerals
Cwrrently extracted in the Delaware
Basin. For each century during the
reguiatory time frame, performance
assessments should determine whether
this mining event will eccus, based on
the 1 in 100 probabiliry, procezding one
century at a ime from the start of the
10,000-vear period. If & positive
determination is made, then
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perlormance assessments must assume
that the single mining even: oscurs at
the start of that century and further
assume that no mining will occur
thereafter, The Deparument may elect (o
use an allermate method for caiculating
the point in time at which mining wil]
occur, provided that such method
would not, on averape, predict that

- mining will occur at trnes Jater than

those calculatad using the method in the
final rule,

The final rule specifies that mining
should be assumed 10 oceur within the
controlied area, with the size ang shape
ol the mine conforming 1o exising
inerzl deposits that are similar in pe
and gquality 1o thoss exvacted in the
Delaware Basin. The Agency based this
reguirement on a consideration of the
physical nature of mining activities.
Tirst, the Agency assumed that the size
2nd shape of 2 mine will be dictated by
the size and shape of the mines;
deposits that ars 1o pe extarted with no
tWwo mines being alike. The mineral
deposits that will be mined in the furure
Tay consist of minsrats of current
BCONOINIC interest, or of materizis no:
useiul or vaiuable in preseni-cay terms.
Without knowiedge of what these future
resources might be, any attempt 1o
predict the size and shape of the
associated mineral deposits would be
speculative, 2s would any attempt 1o
getermine the size ang shape of the
mines vsed to extract them, The Agency
further recognized that individual mines
are of highly iregular shape 2nd there
is every reason to believe that deposits
of minerals that are mined ir: the fure
will also vary in size and be highiv
irregular in shape. The Agency pelisves
that no logical mathematica! scheme
exists that could be need 1o Dredict the
potentally wide variety of sizes and
highly irregular shapes, i light of the
speculatveness and mathematical
difficulry, the Agency has chosen 1o use
2xisting mineral deposits zs *'stand-ins™
10 be used 10 determine the size and
shape of the unknpwn minera deposits
that might be mined in the future. Thuos,
the final rule reguires periormance
28525SMents 1o 2ssume thaz all the
presently known mineral resources
lving within the controlled area wil] be
exiracted at the single point in time
determined by the merhod in the final
tule, discussed above. Np further
mining will be assumed to ozeur, since
the available mineral Oeposits will have
bean depleted. The tpe of minerals that
shzll be 2ssumned 1o be extractad are
those mineral deposits that are similar
in guality and type to those tha: are
cwTently extracted in the Delaware
Easin,
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Performance zssessments may assume
izt the likelihoog of mining may be
decrezsec by PICs and active
institutional controls, to the extent that
22n be justified in the compliance
epplication and to a degree identical 10
that assumed for drilling. The
reguirements of sections 41 and 43 of
thz final rule therefore will apply to the
consideration of mining in performance
2ss=ssments.

Section 194.33, consideration of
crilling events, has been revised since
Ue proposed rule. The ratignale for the
new provisions is explzinec in the
sestion beiow, entitled “'Prinzipje
thanges in the final rule.” Section 16¢.2
inciudes two definitions relevant 1o the
consideration of drilling events. "Desp
drilling” denotes those drilling events
Gatreach or exceed a depth 21350 fee:
beiow the suriace where such driiling
ozcurred. “Shaliow drilling” denotes
those drilling events that do not reach’
1 2 depth 21350 feet below the surface
where such drilling occurred. Sestions
18£.32 and 194.33 of the final ruie
repuire that derformance 2ssessmenrs
inciude the effects of both desp drilling
anc shaliow Grilling. whether such
grilling has occurred prior 1o the time
& which the complianze applization is
prepared, can be reasonably expectec 10
oczurin the near furure based on
existing leases, or can be expected to

ttur in the future during the 10,000-
yezT regulatory time frame. )

< & juture rates of both Geep drilling
anc shallow drilling shall each be sat
egual 1o the rare at which deep drilling
and sitaliow drilling, respectively, have
ozzurred in the Delaware Basin during
the 100-vear period immediately prior
1o e time the current compliance
enplication is prepared. The Delaware
Sasin is defined, in §194.2, tc be the
sumiate and subsurface features which
lie inside the innermos: edge of the
Capitan Ree! and, where the Capitan
Reel Is absent 1o the south, the features

‘hich He to the north of 2 straight line
COnDECUNE the southezstern poin: of the
Zevis Mountzins and the sputhwestem
pain: of the Glass Mountzins.

" Performance assessments must adc
togezher all releases of radionuctides
which are predieted 10 pzour during the
10.000-vear regulatory time frame to
amive at the cumuiative releases from
the disposal systems; the conainment
regquirements of 40 CFR 161,13 apply 10
uiative releases of waste and nor the
Individual events which capse the
reieases. Further, boreholes drilled afar
ciosure of the repository shall be
assumed 16 affect the properties of the
disposz! svstem for the remainder of the
iC,000-vear regulatory time frame.,
When anziyzing the effects of 21) later

g
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boreholes. performance assessments
must account for the efTect that these
existing boreholes will have had on the
hydrogeologic properties of the disposal
system and on the creation of new
pathways for releases. In today's final
rule, the Asency reguires that
performance zssessments and
cornpiiance assessments must include—
arnong other processes and events—the
elfects on the disposal system of drilling
and all types of resource extrartion
activities, including iner afia solution
mining and fluid injection. that wilj
have occurred prior 10 the time at which
the comgpliance application is prepared
or thai may be expecied 10 occur soon
afterward based on existing plans and
ieases for érilling.

In the case of shallow drilling only,
DOZ may, if justified, derive the drilling
rale from the historical rates of shallow
drilling for only those resources in the
Delaware Basin which are of similar
guality anc type to those found in the
controlled arez. For example, if only
non-poiable waier can be found within
the controlled area, then the rate of
arilling for water may be sar egual 0 the
historical rate of drilling for non-poizble
veater in the Delaware Basin over the
pest 100 vears.

Section 184,33 reguires performance
assessmenis e make several specific
2ssumptions about future deep drilling
and shallow drilling. Thesz 2ssumprions
inciude thar drilting will occur
randomly in space and time and may
occur at different rares for each
resource, and that drilling practices will
rermain 2s those of 1oday and may vary
depending on the resource, Performancs
2sseSSmMEents should assume that the
permeability of sealed boreholes will be
affected by natural processes, and
should assume that the fraction of
poreholes that will be seaied by man
equals the fraction of boreholes which
are currently sealed in the Delaveare
Basin.

The Agency recopnizes that drill
operators curenty employ differen:
tzchnicues in the exploration and
development of each resource. Hence,
performance assessments shall conguct
& separare analysis of the effezts that
future drilling for each differen:
resource—the agl creating & borehols—

i1l nave on the disposal system, Each
separate analysis should set the furure
rate of d-illing for the particular
resource egual 1o the historical rate at
which that resources has been drilled for
in the Delaware Besin during the past
100 years. The analyses of the
consequences of each type of drilling
might remain conceptually similar, but
vary wiih regard to assumptions rmads
on size angd depth of boreholes. guantity
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of drilling fluid used, or a2ny other
characteristic specific 1 1hat type of
resource. Analyses of the consequences
of future drilling events may be
confined only to the drilling activity
and the subsequent effect of the
borehole's presence and need not
include an analysis of extraction and
recovery activities which would occur
subsequently, '

In determining the drilling rate or the

. amount of weste releesed from such

orilling. performance 2ssessments
should not assume that drill operaioss
would detect the waste and then cozse
e current drilling operations or
otherwise mitigate the consequences of
their actions. Similarly, drill operatoss
should not be 2ssumed to cease further
exploration and development of
respurces as 2 result of the driller's
detecting the waste,

Section 194,34 requires that the
results of performance zssessments be
expressed as complamentary,
tumulative distributions functions
{CCDTs). The CCDFs shall be penerated
using random sampling technigues
which draw upon the full range of
values estaplished for each untcertain
parameter, which may include phvsical
and chemical waste characteristics.
Farametiers of lesser sensitiviry in
performance assessments may be heid
consiant, provided thar such constant
values can be justified as sufficiently
conservanve. The guantitative
requirements of this section state that
there must be 2 0.85 probability that, at
values of cumujative release of 1 ang 10,
the maximum CCDF generared exceeds
the 08th percentiie of the Dopulation of
CCDFs. The values of cumulative
release are caleulated according to Note
o of Table 1, Appandix A of 40 CTR part
1£1. Additionally, the mean of the
population of CCDEs must mest the
reguirements of section 13 of 40 CFR
part 18] with at least a 85 percent level

T statistizal confidence. In
demonstrating compliance with these
standards, the infinite numnber of CCDFs
denoted by the term, poepulation of
CCDFs. need not be generared. By
generating only a finite number of
CCDFs and applying statistical theory,
the relationships between the finite
group of computer-generaied CCDFs, the
populador: of CCDFs and the numerical
requirements of this section can be
established.

Subpart C of today's action also
implements the six assurance
reguirements of section 14 of 40 CFR
part 181, The assurance reguiremenrs
were included in the disposal
regulations 1o provide the coafidence
nesded for long-term compliznce with




o Federal Register / Vol. 61. No, 2§ / Fridey. February 9,

293

[

/ Rules znd Repulations 5231

ihe containment requirements of section
120l 40 CFR part 181,

Section 194.41 of today’s final rule
requires 2 description of the active
institutional controls that wili be
implementad at the WIFP. This
description shall be sufTicient 1o support
any 2ssumpuons made on their
effectiveness in performance
258255ments and compliance
assessments, However, in no case shall
acUve institutional contrals be 2ssumed
10 be in effect for more than 100 years
after the time of disposal.

Section 184.42 of the fina] ruje,
monitoring, has been revised from the
proposed rule. The rationale {or these
thanges is provided below, in
“Principal changes in the final rule.
Any unpredicted detection of movement
of radionuclides toward the accessible
snvironment would be cause for
concern that a release of waste in excess
of what is permitted under the disposal
regulations is likely to occur. This
section specifies requiremants for
monitoring in both the pre-closure 2ng
pasi-tlosure periods, as necessaty 1o
verify that the WIPP compiies with the
disposal regularions. In the evenr that an
iniual certification has been granted, the
esuls of monitoring dus ing rhe pre-
tiosure period will be used by the
ARenCy 10 verify that the information
comtzined in the inital compliance
eoplication hes remained true 204
accuraig) this information would be
used by the Ageney during both the
initial five-year period after the start of
emplacement of wasts and during the
reviews made for the perindic re-
cemzifications of compliance. The final
ruie has included 2 provision which
reguires DOE to conduct an analysis of
paramerers that will be used in the
deveiopment of pre-closure and pest-
tlesure monitoring plans. The analysis
snouid consider the imporizance of the
parameter with respect 1o both the
conizinment of waste i the disposal
System and the practicability of
Derforming such monitoring, including
Iis technical feesibility and the cost,

Secton 194.43 implements the
ESSUranCe requirements on passive
insttutional conmols {PICs). The final
ule specifies that DOE must include »
Ceziled descriprion of the PICs thar will
be emploved and lists the information
Dat the PICs are required. at a
Timimum, 1o convey, Additionally, the
fina! ruie aliows the Department to
reduce the likelihood of future human
nrusion that is psed in performance
255255T2Ns bV a proposed amoun:

" TorTesponding to the predicred efferct of
- .Ls. See penerallv 27 FR 38185, 58207
“o.Jec. 20, 1882); 50 FR 3B0D55, 3BDRO

r

iSept 18, 1983). Thus, DOT may
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PrOpose in its compliance application 1o
reduce the rate of human intrusion by

2 fractional amount, extending over a _
technicaily supportable period of time,
and must jusiify this using the plans for
the implementation for PICs and
2ssociated evidence of thejr
effectiveness. This credit may zke the
form of a constant reduction in the raie
of human intusion lzsting several
hundred years-or may be 2 reduction in
the rate which tapers off in size over
several hundred years. Such credit
cannol be assumed to eliminate
completely the possibility of human
intrusion, even for a shor period of time
zfter the active institutional controls at
the WIPP are assumed 10 be ineffective.
During the rulemaking on certification,
the Agency could determine that the
gescription of the PICs Goes not
adeguately jusify the degree of
proposed credit assumed by DOE and
therefore disallow some or 21] of the
credit proposed by DOE in the
tompliance application.

Having considered the public
comments regarding PICs, the Agency
Delieves that such credit could be no
more than approximarely 700 vears pasi
the time of dispesal. Thus, the final ruje
limits to several hundred Yyears the
amount of cregit that ZP A may grant for
PICs. Any determination that 2 specific
numernical credit would be appropriate
for a much longer period of 1ime would
be unduly speculative and therefore
inappropriate,

Today's action should not be
consmusd to 2porove or award any
amount of credit for PICs, as such 2
determination cannot be made in
advance of the rulemaking on
certification of compliance. The fgency
is deferting any decisions on credi: for
PICs planned for the WIPP unsi) such
time 2s the compliance application has
besn received and 2 rulemaking for
certification has haen complered. Thisg
resizies the Agency's prior assertion,
mzde in the promuigation of the fina]
disposal regulations i 1085:

Specific judgments absur the chanzes and
consequences of inzusion shoujd be made by
the implementing 2gencies (EPA for the
WIPP} when more information about
paruicular dispesai sites and passive conrol
S¥SI8ms is availabie. See 50 FR 38080,

In developing this section of the final
ruie, 40 CFR 154,43, the Agency
considered the reatment of PICs in the
disposal regulations, the input received
in public forums and the Ppublic
comments received on the propased
tule. The dispesal regulations
established the foundatipn of 1oday's
ACUOT on the role of passive
institutional controls, Section 181.14{e)
of the dispesal regulations reguire thar
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disposal sites be designated by the most
ermanent markers, records. and other
Passive institutional controls practicable
o indizate the danpers of the wastes and
their location, In adopting these
provisions of the disposa] regulations,
the Apency expressly assumed that
passive institutional conurols “shouig
reduce the chance of inadverten: i
Intrusion compared 1o the likelihood i

" no markers and records wrere in plage

Ses 50 FR 38080, With respesi 1o
perfoTmance assessmenrs, the Agency
examined whether PJCs shouid he ajen
ino account to some depree when
esimating the likelihpog ol inadverient
hurman intrusion and concluded that "a
limited role for passive insdtuuonal
controls would be 2ppropriate when
projecting the long-term performance of
mined geologic repositories o judge
compliance with {the conizinment
requiremsnts of 40 CFR part 181)." Ar
the same time, the Agency explicity
determined thar PICs should D7 be
2SSUmeC to completely preven: the
possibility of inadverien; uman_
intrusion. See 50 FR 38087

In the propesed ruje, 40 CFR Dart 192,
the Agency specifizajly reguested
tommen: on the requirements op PICs,
The Agency conducted = public
discussion of PICs in & technica!
workshop in Weshington, DC, in
Febroary, 1883, In September. 1063,
ZP4 consulied the WIPP Review
Commirtiee of the National Advisory
Counzil for Environmental Eolicy and
Technology (NACZFT) on three issues,
inciuding PICs, in 2 public meeting in
New Mexica. Ses 0 FR 4347043471
{Aug. 21, 1883). The Commites agresd
Uiat PICs would be Iikely to decrezse the
likelihood of inadvertent inmusion inio
the WIPP but expressed concern about
ine availadbiliry of 2 rigorous method by
which to determine the appropriate
reduction due to PICs in the furure
likelihood of inadvertent inTusion.
Some members of the Comminee stated
that, & credit were 10 be appraved, the
5ize of the credit should nor reflect that
PICs would be effective for mose than 2
small fraction of the 10,000 year
reguiatory time frame.

Many public comments received on
the proposed rule expressed skepticism
about whether PICs would be =fective
for the entre 10,000 year regulatory
tirne frame or for evern 2 fraction thereof,
Other comments stated the belief that
civilizations living 1,000 1o 10,000 years
from now woulg, in fact. be capable of
undersianding ths records ang Tnarkers
thai were left behing at the WIPP. Sl
other comments assered that, in
aliowing for the possibility of credit, the
Agency had revises the inten: of the



assurance requirements, one of which
being the reguirement for the
implemeniation of PICs. Specifically.
comments siated that the assurance
reguirements were not intended to be
considered when determining
compliance with the numerical
containment requirements found at 40
CTR 181.13.

The provisions of the final rule
enteriaining possible credit {or PICs are
within EPA’s authority. In adopting the
assurance requirements in 40 CFR part
181, EPA expressly limited the credit for
acuve institutional controls, EPA
orohibited performance assessments
irorn considering any contributions from
active institutional controls for more
than 100 years afier dispesal. See 40
Crr 1B1.1£{a). ZPA declined 1o
similarly limii the effect of PiCs in
reducing the likelihood of human
inyrusion. 50 TR 38080, By contrast,
ZPA contemplated that PICs may
discourage the likelihood of human
inrrusion for some period of time longer
than active institutional conools,
“owever, ZPA jndiceted that it
generally believed it was inzppropriate
ic rely on P]Cs for extended periods of
me. See 50 FR 38080, Based on the
public comments and consistent with
IZPA's generl view thar it is
nappropriate to rely on PICs for very
long periods of tima, EPA is
constraining i the final rule the length
of time thai EPA could consider
grenting credit for PICs 1o several
hundred years. EPA’s decision abour the
acwual efficacy of PICs propesed for the
WIPP will be based on DDE's
compiliance application but may not
exceed this limit,

Further, the degree 10 which PICs
might reduce rhe future grilling rate can
be reliably determined only through
informed judgment. The Agency agrees
with the NACEPT Committee that no
rigorous anc non-speculative method is
zvailabie 10 determine the appropriate
amount of credit for PICs. Thus, DOE's
proposed reduction in the likelihood of
human inwTusion due to PICs would
probably be conducted through an
expert judgment process that considers
the specific Pils 10 be implemented at
the WIPP by DOE. The expert judgment
performed specificelly to determine the
effect of PICs must satisfy the
requiremenss of section 26 of today’'s
action, on =xpert judgrnent. For
example, ihis section reguires that the
range of professions represented on the
expert panei must cover the complets
spectrum of knowledge that will be
necessary to address the guestion given
0 the experts. In the cese of PICs, the
Agency would expect that experts
would be selezted not only from
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professions such as archeslamy, but {from
professions which are concerned with
the exploration and development of
natural resources such as oil and natutal
pes.

Section 184.44 of the final rule
implements the assurance requirement
on engineered barriers. This section
requires that DOE conduct 2 study of
available options for engineered barriers
at the WIP? and submit this study and
evidence of its use with the compliance
application. Consistent with the
regquirement, found at 40 CFR 1081.13,
thet DOE analvze the parfformance of the
complete disposal system, any
enginesred parriers that are uliimately
implemented at the WIPP must be
considersd by the Department and,
ultimarely, ZPA when evaluating
compliance with both the containment
reguirements of 40 CFR 181,13 and the
assurance requirement of 40 CFR
181.14{d}.

Section 184.45 implements the
essurance requirement that the disposal
system be sited such that the benefits of
the natural barriers of the disposal
svsizm compensate for the increased
probability of disruptions of the
disposal system resulting from
exploration and development of nearby
natural respurces, This assurance
reguirement will be met if performance
essessments comply with the numerical
conminment reguirements of section 13
o 40 CFR part 181, provided that the
potential effects of human intrusion at
the WIPP will have been appropriately
considered.

Section 124.456 implements the
essurance reguirement thart the removal
of waste remain possible for z
reasenable period of time after disposal.
The final rule hes eliminated the
reguiremen: for the development of a
pian for the removal of waste which had
been containes in the propossd rule. In
place of the requirement for a removal
Dian, EPA is including in the final rule
& reguirement rhat DOE perform an
evaluation 1o demonsirate that the
removal of waste will remain fzasible
for 2 rezsonable period of tirme after
disposal,

Sections 194.51 through 134.35
provide the criteriz that must be met in
order 10 demonstrate that the WIPP will
comply with the ground-water
regquirernents of subpart C of 40 CFR
part 18] and the individual protestion
requirements of section 15 of 40 CFR
part 181. Section 184.51 and 194,52
specify the essumptions that must be
incorporated into compliance |
assessments in the analvses of annual
commitred effective dose equivalent
received by individuals, used in
determining compliance with the
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individual protection requirements.
Compliance assessments should
scparaiely analyze the doses receives by
individuals from each pathway, ’
Compliance essessments should assume
that the protected individual resides at
the single peopraphic point where the
maximum dose would be received,
czlculated by the sum of 21 pathways.

Section 184.53 lists the assumptions
that compliance 2ssessments mus: -
include when analyzing the doses
received througn underground sources
of drinking water (USDWs), vs2d in
o=termining compliance with subpar C
of 40 CFR part 181, Doses can be
received from any USDW outside of the
controlied area, provided that =
connective pathway could be expected
10 be established via ground-water travel
berweer the dispresal system and that
USDW. The Agency expects that
USDWs whieh lie closer 1o the disposal
system will have a greater chance of
being affected by releases of weste, The
Agency therefore does not intend for
DOE 1o expend resources analyzing
doses received from USDWs lozated
iarge distances from the disposal
svstern. The celrulations of doses
received from TISDWs should assume
that drinking water is withdrawn
directly from the contaminaed TJSDW
and consumed at & rate of two liters per
cay,

Section 184.5¢ dafines the szope of
compliance assessmenzs. Compliance
essesstnents should be conducted of the
undisturbed performance of the dispesal
systemn, which, by the definition in
section 12 of 40 CFR part 181, denptes
that the.dispesal system is not disrupted
bv human intrusion or the ozzumrence of
uniikely naturz? evenrs. Section 184.33
reguires that compliance zssessments
include calzulations or “estimates™ of
ihree guantities: (1) The annuzl
commitred eSective dose received from
2li pathways, an analysis which
corresponds 1o the requirements of
section 15 of 40 CFR part 121; (2) dose
eguivalens received from USDWs; and
{3} concentrations of radionuclides
present in USDWs, the latter two of
which correspond to subpart C of 40
CZR part 181, To generate a “'range” of
estimnaties, compliance 2ssessments mus:
maks repeated calculations, with each
iteration employing 2 differen: sat of
randomly selected values for each
uncenain parameter. Paramerers of
lesser sensitivity in compliance
2ssessments mey be held consiant,
provided that these valuess can be
Justified as being sufficientiy
conservative. The final rule reguires that
there be & C.B3 probability that the
mexirnum estimate of sazh se: sp
generated exceeds the 88th percentile of
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the population of estimates. The mean
and the median of the population of
each set of estimates must meet the
requirements of section 15 and subpan
Cof 40 CFR part 191, 25 applicable,
with at Jeast 2 85 percent level of
siatistical confidence.

Subpart D: Publjc Participation

Subpart D of today's action
establishes procedures that EPA will use
te invelve the public in the derisions on
certification and re-certification and
requires EPA to publish notices of j1s
acyons in the Federal Register. Subpar
J includes new provisions which
require the Agency to invoive the public
in decisions 1o modify or revoke a
cerufization. Sectipn 194 85 reguires
that EP4 publish a notice in the Federal
Register announcing the Agenmy's
Proposed decision on the modificatipn
orrevoration of the certification. The
notce of proposed rulemaking must
solicit comment on the proposed
desision. Section 194.68 reguires ths
AGministrator to publish z notice of
final rulemaking in the Federal
Register, announ ting whether the
Agency hes revoked, modified or tzken
12 action 1o <hange the certifization.
Secton 194,67 reguires that EPA
Laaimiain 2 public docker with all
information used in making the
decisions on certificarion, re-
certification, and modification and
revocation of the centificarion.

Frincipal Changes in the Final Rule

In addition 1o the principal changes
described below, 1oday's action contains
other minor modifizations 10 the
proposed rule. Further discussion of the
ratibnale and information supporting
enificant chanees found in wday’s
2cion is contzined in the Background
nformation Document and the
Response to Comments, which may
obiained 2s explained in the start of this
noUCE.

L)

>cope of Performance Assessmenrs and
Lonsideration of Drilling Evenrs
n 88158432 and 194.23 of the final
rule, the Agency has provided further
cizcification on which activities fal]
within the scope of human intresion,
{Section 184.33 had been titled
“Consideration of human initiated
processes and events” in the proposed
ruie) The finza! ruie requires that the
edezts of deep drilling, shallow drilling
ans excavation mining must be
tncluded in performance essessments.
In the proposed rule, the Agency had
- rcluded excavatipn Tnining from
1 msideration (60 FR 5774: Januarv 30,
1B25). The Agency received several
public comments recommending thar
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performance assessments shouid be
required 1o include the effects of future
mining during the regulatory lime frame
in order to account for the presence of
potash in the viciniry of the Teposilory.
The Agency has re-evaluated the
proposed exclusion of mining. in tight
ol these public comments. The Apency
believes that. while there is uncertainty
surreunding the potentia)l effects of
mMining, mining could nonstheless alter
the hydrogeologic properiies of certain
formations that lie at shallower depths
than the mined portion of the
repository. Thus, the final ruje reglires
Periprmance assessments 10 consider
the possible effects of exczvation mining
on the disposal system. As discussed
previously, DOE may address this
requirement by considering the thanges
that mining would induce in the
nvdraulic conductivity of the disposal
system. Additionally, the reouirements
of the final rule specify the method for
determining the size ang shape, lozation
2nd pointin time at whirh mining
oczurs. The Apency specifies thess
items to provide clarification on how
mining should be considered and 1o
avoid unbounded specuiation thar
would result from the high uncertzinny
regarding whether, where and how
mining would ozcur in the Land
Withdrawa) area. EP4’s decision wes
based on 2 desire to include mining in
peridrmance essessment in 2 realistic
feshion without recourse 1o such
unconstrained specuiation. To this end,
the final rule has specifiec tha: mining
will continue at the sarne rare s it hes
over the pas: 100 vears, that the arez 1p
be mined is the arez that contains
mineral deposits of similar vpe anc
quality to those that are currentiy
&xtacted in the Delaware Szsin, and
that only the major impacts on the
disposal system of mining nzed be
considered. EPA believes rhis is
consistent with the furure states
assumptions of section 23 a5 they apply
o e fumire activities of man.

The Agency has added definitions of
ep drilling ang shallow drilling in
54.2. Both tpes of drilling shall
inciude exploratory and developmen:al
wells. The addition of thess definitions
was prompted by commentess who
nioted that the definitions of human
intusion and “human actviry” that
were in the propesed rule had causad
confusion by distinguishing their
meanings on the basis of the depth a:
which drilling occurs. In the final rule,
the Agency has removed these
definitions from the final rule and
instead makes use of the defined terms,
deep drilling ang shallow driliing in
Drder 1o provide greater clanjny,

b (D
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Commeniers also requested that the
final rule require analysis of disposal of
brine that accumnulates during the
extraction of oi! and of secondary
Tecovery of oil performed using water-
flood injection. The Apgency considered
this comment in the Iarger context of the
nature of potential hyman inrrusions
during the next 10.000 years and what
essumptions might hold yue during that
time. The Agency believes that no one
resource will lest for the entire 10,000
Years and therefnre has concluded that
the technigues for extraclon of any one
TEsource—such as water-fignd injection
for il recovery—are unlikely 1o be in
use during muych of the 10,000-year
reguiatory ume frame. With respest 1o
drilling rates, the Agency rezsoned that
while the resoyrces drilled for today
Tav not be the sams as those griljed for
in the future, the Present ratas gt which
these boreholes are drilied camn
noneiheless provide an estimare of the
future rate at which boreholes will be
drilled. The Agency does expect that
drilling will never compleraty cease:
while some respurces mayv become
depleted over time ang, while the rata
of extraction of these Tesources may
Oecrease, the increased rate of drilling
for newly discovered Tespurcas will
tompensate for this declins. in effec,
when used for the purpose of
determiining the future drilling rate,
today’s drilling activities act as
SurTogates for the unknown respurces

2t will be drilled for in the future,
With respec: to the consequence angd
releases due to future drilling, present-
dav drilling activitjes provide the only
avzilable besis for malking assumptions
T peribrmance assessments, Fupure
SXITaction ol any resource will likely
necessitare drilling 2 hole for its
recovery. However, bacause there is
doubdt 25 to whether the Tesources
2ssociated with todayv's specialized
extraction technigues and figid
ingection will rernain available for
10,000 vears, the final ruie does not
raqraire that performagce assessments
assume that such extraction activitjes
will pecur during the entire regulatory
ume frame, bu: dpes reguire that the
efiects of the drilling events themselves :
be analyzed. The technigues include, for
example, water-flond injection for
secondary recovery of oil, soiution
mining and the disposa] by injection of
brine accumulateg during recovery of
oil.

The Agency TECOgNizes, however, that
TEspurce extraction ang figig injection
activities which are currentiy performed
m the Delaware Basin can alter the
hydrogeologic properiies of the initiai
siale of the disposal svsiem, The final



LR

e uladUns

rule reguires that performance
assessmenis and compliance
assessments analyze the 2ffezis of 2]
tvpes of fluid-injection and all boreholes
which ¢an have an effect on the disposal
svstern and which have been or will
hzve been drilled prior 10 or soon afier
cisposal. These boreholes shall be
assurned 10 allect the properties of the
disposal systemn for the entire 10,000-
vear reguiatory time frame. Fredictions
about such future activities shall be

wictly limited to the expected uss of
exising leeses.

Todey's final ruje eliminates the
oroposed cap on the ratz of desp
crilling into the disposal systemn of 52.3
boreholes per sguare kilometer per
10.000 yvears as well 25 the proposed
iower limit of 25 boreholes per square
iilometer per 10,000 vears. The Agency
received numerous public comments
obiecting to the use of upper end lower
iimits on the rate of deep drilling. The
Agency has concluded tha: the rate of
drilling into the disposal system vsed in
periormance assessments covering the
1C.000-vear regulatary time frame
should be demived solely from the
historical record of drilling in the region
surrounding the WIPP. In the proposed
rule, the Agenzy had specifisd that the
past 30 years of records on arilling shall
be used 10 establish the rares for shaliow
drilling anc deep drilling, the later
being subject to upper and lower caps.
Whilz deveioping the final rule, the
Agency recognized that drilling activiry
hes been at @ maximum during the past
50 vears, whereas during the past 100
vezrs, 2 broader spectrum of high and
iow drilling rates can be found. In the
long-term furure, it can be expecied that
e drilling rate will consist of perids
of nigh and low drilling aztivity, which
mzkes the past 100 ysars 2 more
eppropriate Deriod for calcularing the
dritting rate, in addition, more dataiied
examinzatian of the available records in
Texas and New Mexico since the time
of the propased rule has shown that
accurate datz on drilling astivity dates
tazk 100 vears, rather than 30 years 25
was believed initially. The final rule
therefore specifies that the rates of both
shaliow drilling and deep drilling are 10
De set besed on date from the 100 year
period ending at the time DOE prepares
ihe compliance application.

Todey's final rule includes 2
definjtion of the term “Dejawars Basin,”
used in the repuiation to be that area
over which the past drilling raie is to be
zveraged in order 1o establish the rate of
cdrilling used in performance
azsessments, In the proposed rule, the
Agenzy had solicited comment on how
1o define the Deleware Basin. Many
comments were received, with the bulk
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of the discussion focusing on whether
the Capitan Reel should be included in
the definhiion. In arriving at the
definition in the final rule, the Agancy -
considered the peologic and
hydrogenlopic characieristics of the
formations which contain the WiPP
versus those of the Capitan Reefl. The
Capitan Reel is more permeable 10 the
flow ol water and was formed from
organic materizl which differs from the
szlt formations which immediately
surround the WIPP, The Agency had
ated its intention 1o define the
Delaware Basin 10 be the larpesi
contiguous aree that has simijar seologic
properiies. Berause of the differsnces,
noted abeve, beoween the Capitan Reel
end the interior formations. the Agency
hies chosen to define the Delaware Sasin
to be those surface and subsurface
formations which lie inside the inner-
mosi edge of the Capitan Reel, Where
the Capitan Reef is absent 1o the south,
the Delaware Easin inzludes those
{eatures which lie to the north of 2
straighnt line connecting the sgutheastern
point of the Davis Mountains angd the
southwestern point of the Glass
Mountains,

)

gl

Waste Characterization

Numerous public comments wers
received on the proposed § 154,24,
waste characterization. Commeniers
stated What this section reguired greater
clarity in order to be implemented
effectively ar the WIFP, The final rule
retains the usz of “waste :
characteristizs”™ 10 provide 2 description
of the waste. The term, wasle categories,
hizs been sliminated in the final ruie.
The final rule uses the term, “wasie
components,” 1o denote 2n amount of a
type of waste—expressad as a volume,
rnass or weight (or curies, in the zase of
acdvity)—such as chelating agents and
cellulosize, The waste categories in the
proposed rule were 1o be established
based on the assumption that wastes
with similar waste characteristizs would
behave sirnilarly in the disposal systemn.
The Agency believes that using instead
the term “waste components’”’ provides
& less abstract scheme for classifying
waste which could be more easity
implemented. In particular, the Agency
believes that, for & given comainer of
waste, DOE could more readily identify
how rmuch of each waste component is
Present rather than how much of each
waste ca2legory is present. The final rule
repuires {hat these limits be established
such that the resuits of performance
assessments and compliance
essessmenis will comply with the
numerical repuiremen:s of 40 CFR Part
181 when the maximum or minimum

55

values for cach wasie component are
used. zs appropriaie,

To essist in establishing the waste
characteristics and waste COMmMpPoOnents
end guantitative values of each, the final
rule requires that compliance
applications include an analysis to
identify and assess the impact on long-
term performance of those waste
characieristics which influence the
conizinment of waste in the disposal
system. An analvsis must also be

- conducted of waste components 0

determine which of these will influence
the waste characteristics jdentified as
having an influence on containment.
This section of the final rule specifies
these waste characterisiics ang waste
components which, at 2 minirmnum, the
respeclive analyvses mus! investigate.
Pear Review

Section 194,28, peer review, has been
niarrowed in scope in the final ruje. The
Agency received many public comments
siating that the reguirernsnts an peer
review were stated too broadiy such that
an inordinate and unmanagezbie
number of pesr reviews would be
reguired. Additonally, commenters
noted tha: many of the activities that the
proposed rule had required 1o be peer
reviewed were subject o specific
puzlity assurance reguiresents under
§1594.22 Public comments noted that,
in this instance, the proposed peer
Teview reguirements wouid be
redundant with the guziiry assurance
reouirements. Such activities would
include the computer codes and the
datz used 10 support al! mogeals—
tonceptual, mathematical and
numerical—angd compurer codes.

The Agency consuited the WIFP
Review Committee of NACEPT at the
September, 1925 meeting and sought its
advice on how 10 address peer review,
The Comunittee sugpested that peer
review of guality assurance programs
would be unnecessary, sinze. by
requiring DOE to adhere 1o z program
that meets the reguirements of three sets
of ASME's standards, todzy's action
would already be sufficien: 1o contro!
the quality 2ssurance process. The
Apency agrees with both the Comminss
ant with similar publiz comment and
has eliminated the requirement jor peer
review of quality assurance programs
and plans. The Commirtes also stated
that peer review could be vsed both to
insure that analyses use the correst
model of repository behaviar and 1w
evaluate the subjective uncertainty in
whether the appropriate conceprual
model was selected. In the case of WIPP,
urianimows agresment does not exist on
the narure of the concepruzl models of
natural processes such 25 dissolution
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which can have an effect on the disposal
system. To subject these issues to wider
serutiny. the final rule specifies that
peer review must be conducted of the
conceptual models selected and
developed by DOE.

Appiication of Releade Limirs

Section 194.31 of the final rule
specifies that the relebse limits of
Appendix A of 40 CF part 191 shali be
determined based on the total activity,
in curies, of ransurarfic weaste present at
the time of disposal. Fublic comment
vzs divided berween those who
recommended setting release limits ag
100 vears, as in the pr posed rule, and
those who recommended the time of
disposal. The Agency solicited the
views of the WIPP Revisw Committes of
NACEPT o the subjedt of relezse limits
ir the meeting held in{September, 10053,
Some comminee members noted that
~adionuclides such 25 plutoniurn 238
would quickly decay 1o less than half
“heir original number in wnder 100 yeass
and thus would not pose 2 threat for
more than 2 small fraction of the 10,000-
vear reguiziory time frame. Hence, some
members of the commitree
recommended the option of setting the
relezse limits at Jater times so that the
rziezse Hmits would be besed on longer-
lived radionuclides. Doing so wouild
s020e atcuratety refiect the long-term
hezards presented by the waste.

Some Committee members also
recommended that the Agency should
Sase its decision on the ariginal inteng
of the disposal regulations. The Agency
believes thar the disposal reguiations
were Cesigned 1o avoid the undue
influence of short-lived radionuclides
on 1he siz¢ of the relezse limirs. The
disposal reguiations accomplished this
2wpose in Appendix A by eliminaring
e conwibution of radionuclides having
hali-lives of less than Twenty years, The
£gency has therefore chosen in the final
Tuie 1o determine relezse Yimirs bassd on
ne total aZtivity, in cusies, of
CENSUTANIC Waste present at the time of
cisposal.

Monitoring
The moniroring requirements have
been modified to provide ciearer
direcrion for the development of 2 post-
clesure monitoring plan. Several
~ommenters sugpested that, by requiring
izt post-closure monitoring be
conducted in & manner “compatible”
with RCRA, DOE might be forced to
implement two over-lapping monitoring
| ZTOFTams in order to comply with both
CEA hazardous wests regulations and
=20 CTR part 184, Other commenrers
noted that, in the event that RCRA4
monitoring at the WIPP were to be
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modified or eliminated. the requirement
in 40 CFR Part 194 as propesed would
be correspondingly reduced. To provide
clearer direction on the performance of
post-closure monitoring, the Apency has
made rwo changes in the fina) rule.
First, to eliminate potential overlap, the
Agency is requiring that post-closure
monjtoring be required to be
“complementary” with RCRA., so that
information vielded by the one
mMenitoring program would not be
duplicated by the other. The Agency is
requiring in the final rule that Post-
closure monitoring be conducted. 10 the
extent practicable when considering
technical feesibility and cost, of those
parameters which are imporian: tc the
Containment of waste in the disposal
System. Such parameters shall bs
identified in 2 reguired analvsis thag
will assess which parameters ars
imporant to the containment of Waste
and which therefore should be included
in post-closure (and pre-closurs)
monitoring.

Rulemaking Analyses
Execurive Order 12866

Under Exezutive Order 12858, (58 FR
51,735 October ¢, 1983}, the Agency
must determine whether the regulatory
aclion is “significant™ and therefore
subject to OMB review and-the
réquirements of the Executive Order.
The Order defin=s “significant
regulatory aztion” a5 one that is Likely
10 result in a ruie that may:

{1) Have an znnual effect on the
&onomy of 5100 million or more or
adversely affect in 2 matesial wey the
Economy, a secior of the economy,
productivity, competition, jobs, the
Environrnent, public health or safery, or
State, local, or ibal gavernments or
communities;

{2) Create 2 sedous inconsistency or
otherwise interfere with an action taken
or piannsg by enother agency;

(3} Materially aiter the budgetary
impac: of entifiements, grants, user feesg,
or loan programs or the rights and
obligations of recipients thereof: or

{4) Raise novel izgal or policy issues
arising out of Jegal mandates, the
President’s priorities, or the principiss
set forth in the Executive Order.

Pursuant 1o the terms of Executive
Order 12835, it has been determined
that this rule is 2 “significant regulatory
action” because it raises novel policy
issues which atise from iegal mandarsag,
As such, this action wes submitted to
OME for review, Changes made in
response to OMS suggestions or
Tecommendations will be Gozumentad
in the public record.

Np

Regularony Flexibiiitv Aet

Pursuani 1o section 6D3(b) of the
Regulatory Flexibility Act, 5 U.S.C.
B03(b}. the Administrator certifies that
this rule will not have a significant
BCONOmIC impact on 2 substantial
number of small entitjes, Todzy's final
rule sets forth requirements which
epply only 10 Federal agencies and the
Administrator therefore certifies that no
small entities will be affected.

Peperwork Reduction Act

The EPA has determined that this
proposed rile tontains no information
collection requirements 2s defined by
the Peperwork Reduction 4ot (¢4 US.C.
2501 =i seg).

Unfundes Mandzres Reform A

Title II of the Unfunded Mangates
Reform &ct of 1085 {UMRA), Pub. L.
104-4, establishes requirements for
~ederal agencies to assess the efferts of
their reguiatory actions on State, Incal
and trival governments ang the private
sector. Todey's rule contains no Federal
mandaiss {under the regujatony
brovisions of Title IT of the UMRA) for
Stete, lozal or wipat governments or the
private sertor, The ruje impisments
Teguirements specifically set forth by
the Congress in the Waste Isolation Filot
Plant Lang Withdrawal 4t (Fub. L.
102-572).

List of Subjects in 40 COFR Part 1B

(15N

Administrative practice and
procedure, Environmenta) Drotection,
Incorporation by reference Nucgiear -
mzierials, Radionurciides, Plutonium,
Radiation proteztion, Uranium,
Trensuranies, Waste treatrnent and
disposal.

Datec February 1, 1983,

Caro} M. Browner,
Adminiscaror,

For the reasons set out in the
preamble, 40 CFR part 194 is 2dded a5
52t jorth below:.

PART 184—CRITERIA FOR THE
CERTIFICATION AND RE.
CERTIFICATION OF THE WASTE
ISOLATION PILOT PLANT'S
COMPLIANCE WITH TH= 40 CFRPART
124 DISPOSAL REGULATIONS

Subpart A—~General Provisions

%]
P
2]

I Purpose, scope, and applizabiliry.
2 Definitions,

3 Communications.

4

5

P b )t e

o« o p
b e

Conditions of cornpliance
riification.
.

Lis]
W

Publicaticns incorporates by
reference,
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nuita 2anu KEpulations

1545 Alternative provisions,
184.7 ZIflective date.

subparl B~—Compliance Certification and
Re-cerification Applications

184.11 Compieteness and aczuracy of
compliance applications.

184.12 Submission of compliance

zpplications,

13 Submission of reference materiais.

14 Contemt of compliance certification

application.

194.15 Content of compliance re-
certification application(s).

164,
184,

Subpart C—Compliance Certification and
Re-certification General Reguirements

General Regtltirements

184.21  imspections.

16£.22  Quality assurancs.

18423 Models and compurer codes.
164,24 Waste characterization.
184.25 Future state assumptions.
18426 Exper judgment

18427 DPeer review,

Comtainment Reguirements

15431 Application of relezse fimits.

:84.32  Scope of performance assessments,

18433 Consigeration of drilling events in
performance assessments.

184.34  Results of peformance assessments.

Assurance Reguirements

(8441 Active institutiona’ controls.
15242 Monitaring.

184,43 Passive institutional controls.
184,44 Engineered barriers,

154.45 Consideration of the presence of

respurces.
18446 Removal of waste,

individual and Ground-water Protection

Reguirements

18451 Consideration of protected
individual.

184,52 Consigeration of exposure
pathways.

184.53 Consideration of underground
sources of drinking warer,

4.54  Scope of compliance assessments,

455  Results of compliance assessments.

Subpart D—Public Participation

Advance notice of proposed
rulemaking for certification.

184.52 Notice of proposed rulernaking for

certification.

€83 Final ruje for certification.

-54  Docurnentation of continusd

compliznce.

18485 Notice of proposed Tulemaking jor
modification or revorcation.

18466 Final ruie for modification or
revocatiion.

18487 Dockers.

Auihoriny: The Weste Isolation Pilo: Plant
land Withdrawal Act of 1852, Pub.l. 102-
378, 108 Star 4777; Atomic Enerpy At of
1234, as amended. 42 1.5.C. 201 1-226¢:
Reorganization Plan No. 3 of 1570, 5 U.5.C.
2pp.1; Nuslear Waste Policy A of 1983, 25
amended, 42 U.S.C. 10101-156270.

4
3
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Subpart A—General Provisions

§154.1 Purpose, scope and applicability.

This part specifies criteria for the
certification or any re-certification, or
subsequent actions relating to the terms
or conditions of certification of the
Department of Energy's Waste Isolation
Pilot Plant’s compliance with the
disposal regulations found at part 18] of
this chapter and pursuant to section
8(d)(1} and section B(f). respectively, of
the WIP? LZWA, The compliance
certification application submitted
pursuant to section 8(d}(1) of the WIPP
LWA and any compliance re-
certification application submitted
pursuant 1o section B8({f) of the WIPP
LWA shall comply with the
requirements of this part,

§794.2 Definitions.

Unless otherwise indizated in this
part, all terms have the same meaning
2s in part 181 of this chaprer.

eruflcation means any action taken
Dy the Administrator pursuant to
section B{d)(1) of the WIPP LWA.

Compliiance application(s) means the
compliance certifization application
subrnitred to the Administator pursuant
to section B{d)(1) of the WIPP LWA or
any compiiznce re-certificetion
applications submitted to the
Adminisirator pursuant to section 8(f} of
the WIPP LWA, B

Compliance assessment(s) means the
analysis conducted to determine :
compliance with § 181.15, and part 101,
subpar: C of this chapter.

Delaware Bzsin means those surface
and subsurface features which lie inside
the boundary formed tc the north, east
and west of the disposal system by the
Innermest edge of the Capitan Reef, and
farmed, to the south, by a straight line
drzawn from the southezsiern point of
the Davis Mountains to the most
southwestern point of the Glass
Mountains.

Deep drilling means those drilling
even:s in the Delaware Basin that reach
or exceed a depth of 2,150 feet balow
the surface relative to where such
drilling ozzurred.

Depariment means the United States
Department of Energy.

Disposal reguiations means par: 19],
subparts B and C of this chapter.

Management systems review means
the guaiitative assessment of 2 data
collection operation or prpanization(s)
o establish whether the prevailing
cuality management structure, policies,
practices, and procedures are adequate
ID ensure that the tpe and quality of
data needed zr2 obtained.

Modifiration means action {s) taken by
the Adrninistrator that alters the terms

57

or conditions of certification pursuant to
section B(d)(1) ol the WIPP Lwea,
Modification of any certification shall
comply with this part and part 18] of
this chapter.

Popuiation of CCDFs means all
possible complementary, cumulative
distribution functions (CCDFs) that can
be generated from all disposal system
parameter vaiues used in performance
2S5e55MEents. .

Population of estimates means all

- possibie estimates of radiation doses

and radionuclide conrentrations that
£an be generated from al] disposa]
syslem parameter values used in
compliance assessments.

Quality assurance means those
planned and systematic actions
necessary to provide adequate
confidence that the disposal system will
comply with the disposa) repulations sst
forth in part 191 of this chaprer. Quality
assurance includes guality controd,
which comprises those actions related
1o the physical characteristics of a
material, structure, componant, or
System that provide 2 means to conrfo]
the quality of the material, structure,
component, or System to predstermined
reguirements.

Re-certification means any attion
waken by the Administrator pursuant to
section B(f) of the WIPP LWA.

Regulatory time frame means the time
period beginning at disposal and ending
10,000 years after disposal.

Hevoration means any action taken by
the Adrninistrator to terminate the
certification pursuant io section B{d}{1)
of the WIFP LWA_

Secretary means the Secreiery of
Energy.

Shallow drilling means thoss drilling
events in the Delaware Basin that do not
reach a depth of 2,150 feet below the
surface relative to where such drilling
occurred.

Suspension means any action taken
by the Administator to with draw, for a
limited perjod of time, the certifization
pursuant to section B(d}(1) of the WIPP
LWA,

Waste means the radicactive wasle,
radioactive material and coinzidental
material subjet 1o the requirements of
part 181 of this chapter.

Waste characteristic means a property
of the waste that hes an impact on the
contzinment of waste in the disposal
system,

Waste component means an
ingredient of the total inventory of the
waste that influences a waste
characteristiz,

WIPP means the Waste Isolation Pilot
Plant, &s authorized pursuant 10 saction
213 of the Department of Energy
National Security and Military
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~pplications of Nuclear Energy
Authorization Act of 1980 (Pub.L. 96—
:54: 83 Srar, 1253, 1253).

WIPP LI¥4 means the Waste Isolation
Pilot Plant Land Withdrawal Act of
1882 (Pub.L. 102-579, 106 Stat. 4777).

£184.2 Communications.

{a) Complianze application(s) shall be:

(1) Adoressed 10 the Administrator;
and ’

(2) Signed by the Secretary.

(5) Communications and reports
coacerning the criteria in this part shal]
bs: )

{1} Addressed 10 the Administrator or
e Administraior's authorized
reoresentative; and

(2) Signeg by the Secrerary or the
Secretary’s authorized Tepreseniative.

2544 Conditions of compliznze
eriification,

{8} Aryv certification of compliance
issued pursuant 1o section B{d){l) of the
WIPP LWA may include such
conditions 25 the Administrator finds
TIECESSATY 10 SUPpOrt such certificaion.

{5) Whether stared therein or not, the
isllowing conditions shall apply in any
Such cemification:

i) The certification shall be subject to
modification, suspension or revocation
by the Adminisrator. Any suspension

7 the certification shall be done arthe

liscretion of the Administrator, Any

modifization or revoration of the
cerzification shell be done by ruie

Farsuantto 5 U.S.C. 333, If the

ALdminisrator revakes the certification,

e Department shall retrieve, 25 SOOn as

Dracticable and io the exten practicable,

&7 waste empiaced in the disposal

svsiem.

(2} ANy time after the Adminisirator
izsues z ceriification, the Administrarer
or the Adminismater's authorized
Tepresenative may submit a wriren
regnest 1o the Department for
information to enable the Adminismator
1c determine whether the certifization
should be modifieg, suspended or
revoked. Unless otharwise specifisd by
the Administrator or the Adminisator’s
zuihorized reprasentative, the
Separtment shall submit such
iniprmetion to the Administrator or the
Administrazor's authomzed
fepresentative within 30 calendar cays
of receipt of the reguest,

(3} Any time after the Administratpr
issues 2 certification, the Depertment
shall report any planned or unplanned
thanges in activities or conditions

-Tenaining to the disposal sysiem that

. e7 significantly from the mos: regcent
mpliance application,

(i1 The Depatmeant shal] inform the
dmministraior, in writng, prior o

1 roy
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making such a planned change in
&2Uvily or disposal system condition.

(ii} In the even( of an unplanned .
change in activity or condition, the
Department shal immediately cease
emplacement of waste in the disposal
system if the Department Setermines
thatl one or more of the following
conditions is true:

(A) The containment reguiremeants
established pursuant 1o § 181,13 of this
chapter have been or are experted to be
exceeded:;

(8} Releases from aireadyv-emplacegd
waste 12ag 10 committed effertjve doses
181 are or are expected 10 be in & cess
of those established pursuant to §is1.33

of this chapter. For purposes of this
saragreph (0)(3)(ii)(8), emissions from
operations covered pursuant to part 18],
subpart A of this chapter zre npt
included; or

(C) Relezses have caused or are
EXPeCied 10 cause concantatione of
radionuclides or estimated doses due o
radionuclides in undergrounc sources
of drinking warer in the azcessibje
environment o exceed the limirs
estzDiished pursuant o part 183,
subpar: C of this chapter.

(iii) If the Deparimen: determines that
& condition described in paragraph
{0){3){1i) of this section has oceurred or

"1s sxpected to occur, the Departmen:

shall notify the Adminisator, in
Writing, within 24 hours of the
determination. Such nodficartion shall,
to the extent practicabie, inclugde the
following information:

(A) Icentifirarion of the lozation ang
environmental media of the relepss or
the =mected relsase;

{3) Identification of the nvpe ang
puantty of wesie (in activity in curies
of each radionuclide) released or
experied to be relezsed:

(C) Time and date of the release pr the
estirnated time of the expesied release:

{D} Lssessment of the hazard pesed
ov the release pr the expected rejease:
and

(%) Additional information TeqQuested
by the Administrator or the
Administrator's authorized
TeDreseniative,

{ivi The Depariment Thay resume
emplacement of waste in the disposal
SYS1EIT upDn written notification thar
the suspension hes been lifred by the
Administraton,

(v} If the Department discovers z
condition or aclivity that differs
significantly from what is indicated in
ne mosirecent compliance application.
but does not invoive conditions or
activities listed in paragraph (b){3) (i1} of
Wnis section, then the difference shal] be
reporied, in writing, 1o the

D%

Acminisirator within
of its discovery,

(vi) Following receipt of notification,
the Administraior will notify the
Secretary in writing whether any
condition or activity reported bursuant
o paragraph (b)(3) this section:

{4) Does not comply with the terms
of the certification: and, if it does not

10 celengar Cavs

-comply,

(B) Whather the compliance
certification must be modifieg,
suspended or revoked. The
ASminisirator or the Administan: s
zuinorized repressnative M2y reguest
addidonal information befors
Geiermining whether modification,
SUSpension or revoration of the
tompliance certification is reguirsg,

t4) Not later than six months afier the
Administratos jssues & certification. ang
at leas: annually thereafter, the
Desartment shal TEDOrT 10 the
Administrator, in writing, anv Changes
in zonditions or azrivities PEreining
the disposal svstem thar were nst
Tequired 1o be reporteg by paragraph

1431 of this seztion ang tha: differ from

formation contzined in the most
T&ient compliance application,

o

5' =

Publizations incorporates by

{a The foﬂowing publications ars
Incorporated into this pari by reference;

{1} L.5. Nuclear Regulaiory
Commission, NUREG-1237 “Fesr
Review for High-Leve! Nuciear Waste
Repositories,” published Februz=v 1986
incorporation by reference (ISR
aporoves for §§ 184,22 15227 and
15227,

(2} &merican Sotiety of Merchanircza!
Ingineers (ASME) Nuzlear Quatity
Assurance (NQA) Standarg, NOA-]-
188¢ edition, “Quality Assurenze
Trogram Requirements for Nu clear
Faczilities:” IBR approved for § 184 22,

{3} ASME NDA 22 1Dg) eddenda,
Part 2.7, to ASME NQ4-2-19RC edition
“Quality Assurance Repuirements fo-
Nuziear Faciiny Applications:” ISR
2poroved for £184,22 and §154.23

{4} ASME NQ&-3-1982 edition,

" Quality Assurence Program
Reguirements for the Collzction of
Scientific ang Techniral Information for
Site Characterization of High-Leve]
Nuzlear Waste Reposizordes” (excluding
secton 2.1 (b) and (0)); IBR approved jor
§184.22

(b} The Publications iisted in
paragraph (a) of this sestion weare
appraved for incomporation oy reference

by the Director of the Federa] Register
in azzordance with 5 13.S.C 352(a} and
1 CFR part 31. Copies may be inspecred
or obizined from the 4i- Docket, Docke:

21

Ne, £-52-55, room hi502 (LZ121),
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.5 Environmeniel Protection Agency,
<21 M Street, SW, Weashington, DC
20450, or copies may be inspected at the
Office of the Federal Repnister, 800 N,
Czpito] Street N\, 7th fioor, Suite 700,
Weashington, DC, or copies may be
obizined from the following addresses:
{1) Tor ASNE standards, contact
nerican SD"]BT\ of Mechanical
:'109'5 22 Law Drive, P.C. Box 250C.
field. N] 07007-2900, phons 1-802-
2783,
{2} Tor Nuclear Regulatory
Zommission documents, contact
Tivision of Information Support
Senvices, Distribution Service, U.S.
Wuclear Regulaiory Commission,
Weashington, DC 20535, or contact
.'\"a:iaﬁa] Technical information Service,
3 Port Royal Road, Springfieid, VA
2-15-. phone 703-487- 4550,
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.£  Alternative provisions.

The Aammlera..m may, by rule
pursuant to 5 U.S.C. 333, substitute for
any ol the provisions of this part
eltemmative provisions chosen after:

{aj The alternarive provisions have
been proposed for public comment in
the Federal] Register together with
information describing how the
eliematve provisions compornt with the
disposal regulations, the reasons why
the sxisting provisions of this part
eopezr ineporopriate, and the costs,
risks znd benefits of compliance in
zcoordance with the alternative
crovisions;

(b} £ public comment perio€ of at
=zst 120 days hes been completed and
publiz Nearings have been heid in New
viexicn;

(c] The public comments received
nave been fully considered; ano

{d) 4 notice of final rulemaking is
published in the Federal Register,

ey ke

§184.7 Effective date.

The ¢riteriz in this part shall be
e¥ective on April B, 1998, The
incorporation by reference of certain
publications listed in the criteria is
approved by the Director of the Federal
Register es of April 8, 1086,

S"b*a—‘ B—womphance Certification
e-certification Applications

§194.11 Completeness and accurazy of
compliance applications.
Information provided to the
Administator in support of any
compliance application shall be
compiete and accurate. The
4Lcministrator's eveiuation for
certification pursuant to section
B{d)(1}(B) of the WIPP LWA and
evzluatan for recentification pursuant to
se=tion B(f)(2) of the WIPP LWA shall
not begin untl the Administrator hes

SWCF-A

notified the Secretary, in writlng, that a
complete application in accordance
with this parl hes been received.

§184.12 Submission of compliance
applications.

Unless otherwise specilied by the
Administrator or the Administrator's
authorized representative, 30 copies of
any compliance application, any
accompanying materials, and any
amendments thereto shall be submirtted
in a printed jorm to the Administrator.

§£9%4.93 Submission of referencze
materials.

information may be included by
reference imo compliance
application(s). provided that the
references are clear end specific and
that, unless otherwise specified by the
Adrninistrator or the Administrator's
authorized representztive, 10 copies of
the referenced information are
submiitec 10 the Administrator.
Rreferenced materials which are widely
avzilable in stanodard textbooks or
reference books need not be submitted

£184.14 Content of compilance
certifization application.

Any complianze appliczton shall
include:

{a) & current description of the
narural and engineered features that
mey affeci the D°'f0::'nanc of the
disposal system. The description of the
disposal sysiem shall include, at a
minimusm, the following information;

(1) The lozatton of the disposal
systern and the controlled zrez;

(2) A description of the geology,
geophysics, hvdrogeology, hydrology,
ang geochemisty of the disposal system
&ngd it vicinine ang how these
conditons are expected to change and
interact over the reguiatory time frame.
Such description shall include, at 2
minimum:

(1} Extsting flnids and fluid hydraulic
potential, including brine pockets, in
and near the disposal system; and

(1i) Existing higher permeability
anhvdrite mterbec'.s located at or near
the horizon of the waste.

{3) The presence
potendiat pathweys for mensport of
weaste irom the disposal svstem to the
accessible environment including, but
not limited to: Existing boreholas,
solution featurss, brecciz pipes, and
ciher potentially permszble {zztures,
such as interbeds,

(4) Tne projected geophysical,
hydrogeologic and geochemical
conditians of the disposal systemn dus to
the presence of wastie including, but not
lirnited 1o, the effects of production of
heat or gases from the weasts.

1.2.07. 3. PA. QA TSK: NS

and characieristics of

(b} A description of the gesigr 1€
mspasa] system including:

{3 Information on malnnals of
construclion including, but not li:
to: Geologic media, structurai matt
engineered barriers, peneral
arrangement, and approximate
dimensions; and

{2) Computer codes and standards
that have been aDpIi"d to the gesign ar.
construction of the disposal svstem.

() Results of essessments conducted

pursuant 1o this part.

id} A description of input parameter
2ssociated with assessments CD"lduL.l-d
pursuani (o this part and the basis {por
selecting these input paramelers,

(2) Dozumentation of measures laken
to meet the assurance requiremsnts of
this part.

{f} & description of waste acceptance
criteria and actions taken 1o assure
adherence 1o such criteria.

{g) A description of background
radiztion in air, soil and water in the
vizinity of the disposal system and the
procedures employed 10 determine such
radiation.

{n} One or more 1opographic mapis) of
the vicininy of the disposal system. The
contour interval shall be sufficien: to
show clearly the parntern of surface warer
fiow in the vicinity of the disposal
svstem. The map(s) shall include
standard marp notations angd symbols,
and, in addition, shall show boundaries
of the controlled arez and the location
of any active, inagtive, and abandoned
injection and withdrawal wells in the
controlled arez and in the vicinity of the
disposa! svstem.

{i) & description of past and current

climatologic and mateorologic
conditions in the vicininy of the disposal
svstem and how these conditions ars
expected 10 change over the reguiatory
Ome rame.

{i) The information required
elsewhere in this part or any additional -
information. analyses, tests, or records
determined by the Administrator or the
Adminisirator’s authorized
representative 1o be neeessary for
determining compliance with this parL

£1%4.15 Content of compliance re-
certification application(s).

{2) In submitting documentation of
continued compliance pursuant 1o
secton B{f) of the WIPP LWA  the
previos compliance applization shall
be upgzted to provide sufficient
informazion for the Administrator (0
cetermine whether or not the WIPP
continues to be in compliance with the
cispasal regulations. Updated
documentation shall include:

(1) All acditional geologic,
geophysical, geochemical, hydrologic,
anc meteorologic information;
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(2) All additional monitoring daia,
znalvses and results: .

(3} AN additional anzlyses and resulis
of laboratory experiments condusted by
the Department or its contraclors as parl
ol the WIPP program;

(4) &n identfication of any activities
o7 2ssumptions that deviate from the
most recent compliance application:

15) A description of all waste
emplaced in the disposal system since
the mos: recent comnpliance certification
or re-ceriification applicarion. Such
description shall consist of 2 descripion
of the waste characteristics and waste
companents identified in §§ 184.24(b)(1)
and 1§4.24(b)(2):

(5) Any significant information not
oreviously included in p compliance
certification or re-certification
z2pplication rejated to whather the
disposal system continues 1o bein
compliance with the disposal
Tegulztions; and

{7} Ay additional information
rzguested by the Adminisrrator or the
Administrator's authorzed
TEDreseniatve,

{b} To the extent thar informarion
Teguired for 2 re-certification of
compliance remains valid angd hzs been
submitted in previous certification or re-
certification application (s}, such
information nesd not pe duplicated in
subsequent applications; such
information may be Summarized and

reierencec.

Subpart C—Complianse Certification
and Re-certification

General Reguirempants

§164.29

inspeztions.
{2; The Adminisrrator or the
Afministrator's autherzeg
represeniative(s) shall, at ary time:

{1) Be afforded unfettereg and
unaanounced access 1o inspect any arez
ol the WIPP, ang any locations
performing artivities that provida
information relevant 1o compliance
2oplizationis), to which the Deparunent
hes rights of access, Such access shall be
eduivalen 1o access afforded
Deparomen: emplioyess upon
presenzation of aredentials ang other
reguired documents,

{2} Be allowed 10 obtain sarnples,
nciuding split samples, ang 10 monitor
end measure aspects of the disposal
SYSIEM and the waste proposed for

L2

disposal in the disposal system.
{b} Records (including data and other

Ty

ormation in any form) kep: by the
-32TUnent pertaining tp the WIPP shall
.- faade available to the Adminiswaror
or the Administrator's authorized
Tepraseniative upon reguest. If

SUXE-A

1-3.07. 3P QA TSK: NS

Tequested records are not immediate]y
available, they shall be delivered within
30 caiendar davs of the reguest. -

(c) The Department shalj, upon
reguest by the Administrator or the
Administrator's authorized
Tepresentative, provide permanent,
private office space thay is accessiole to
the disposal system. The office space
shall be for the exclusive use of the
Administrator or the Administrator's
authorized represen:ative(s),

(d) The Administrator or the
Administrator's authorized
TepTesentative(s) shall comply with
epplicabie access control measures for
sezurity, radioiogical protection, and
personal safety when conducting
aciivities pursuant 1o this sestion.

£154.22 Quaiity assuranze.

i2}(1} As soon as pracricable after
Apri]l 8, 1983, the Department shall
adhere oz guzliny zssurance program
Uiat implements the reguirements of
ASME NQA-1-1988 edirign, ASME
NQA-22-1890 addenda, part 2.7 to
ASME NQA-7_1088 edition, end ASME
NG4A-3~1988 editipn (excluding Section
2.1 () and {2}, ang Section 7.1}
(nzorporation by reference as specified
in £194.3)

{2) Any comoliance applicatior: shall
inziude informaticn which
demonstrates thai the gualiry assurange
Program reguired pursuant fo Daragraph
{2}{1) of this section has been
established and exscuted for:

{i) Wasie charzcterization acrivities
anl assumpiions:

{ii) Environmen:z) menitoring,
manitoring of the performance of the
disposal svsiem, and sampling and
analvsis artivizies:

{ifl} Field mezsuremants of geologic
facioms, ground water, meteoroiogic, and
lopagraphic cheracreristics:

{iv) Compuiations, computier codes,
models 2nd methods used to
demonsirate compliance with the
dispesal regulations in accordance with
ihe provisions of this part;

(v} Frozedurss for implementation of
expert judgmen: elicization used to
SUDpOrt applizations for cerrification or
Te-cerlification of compliznce;

(vi) Design of the dispesa! system and
acnons iaken 1o ensure compliance with
design specifizations:

{vii} The collection of daiz and
Infermation used 10 Support compliance
applizetion(s); and

{(viii) Other Sysiems, structures,
components, angd activities importznt to
the containment of v-aste in the disposal
svstem.

" (o) Any complience application shall
Intiude information which
demonstrates tha: Satz ang information

{ 00O

cellected prior to the implementation of
the guality assurance Program required
pursuant (o paragraph (a)(1} of this
section have been qualified in
eccorance with an alternate
methodology, approved by the
Administrator or the Administrator's
2uthorized Tepresentative, that employs
one or more of the following methods:

“Peer review, conducted in a manner that

baom

* Compatible with NUREG-1 207, “Peer
iew for High-Level Nuriear Waste
ositories,” published Februanv 1988
orpborauon by reference a5 specified
§4.3); corroborating dare;
NIEnAlorY lesting: or & quziity
UTANCe program that is equjvalen: in
ELeC 10 ASME NQA-1-1988 edition.
ASMEZNQA-Zza-1880 addenda, part 2.7,
10 ASME NQA-2_1ggo edition, and
ASMZI NQA-3-1983 edition {excluding
ton 2.1 (5} and {¢) and Section 17.1).
COTDOTALON DY reference a5 specified
18£.35)

7Y compliance applicarion snalj

- 1o e extent practicaple,

o0 which describes how- all

18 suDport the compliance

L have been zssesse for their
charazteristies, inciuding:
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which datz agres with an accepr
reference or e vaiue;

2} Dara Precision, i.e., a measyre of
the murual agreemean: betweery
tomparabis date gathered pr developed
under similar conditions expressaed in
rerms of 2 standard deviation;

{3) Dazz Fepresentativensss, fe, the
degrae 10 which dara accurarely and
Precisely represent a characterispis ofa”
Dpopulaton, 2 Darameter, variations ar a
sampling point, or environmenizal
condirions;

{4} Dara tompisteness, i.e., 2 measure
of thz amount of valid data obiaines
compared 1o the amount thar was
expected; and

t3) Dazz comparabpility, i.e., a measure
of the confidence with which one darz
52 can be compared o another,

{d} &nv compliance applization shall
Drovide information which
demonstrates how' all datz are puzlified
for use in the demonstration of
compliance.

(=) The Administratgr will verify
2Dpropriate exscution of guality
2SSuUrance proprams through
inspections, record reviews anc recorg
keeping requirements, which 2y
include, but may not be limited 1q,
surveillance, audits angd managemens
SVSISIDS revi SWs,

£182.23 Mooels znd Somputer codes.
{@ Anv compliance appliration shall

inziude:
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{1} A description of the conceptual
models and scenario construction used
10 support any compliance application,

[2) A description of plausible,
ltermative conceptual model(s)
eripusiy considered but not used to
wpport such application, and an
explanation of the reason(s) why such
model(s) was not deemed 10 accurately
portrzy performance of the disposal
svstem,

(3) Documentation that:

(i} Conceptual models and scenarios
reasonably reoresent possible future
siztes of the disposal system;

(ii) Mzthematical models incorporate
eguations and boundary conditions
which reasonably represen: the
mathematical formulation of the
conceptual modsls;

{{if} Numerica! models provice
numerical schemes which enable the
mathematizal models 1o obtzin stabie
solptions;

(iv) Computer models accurately
implemen: the numerical modeis; i.e.,
computer codes are fre= of coding errors
&nd projuce siable sojutions:

iv; Conceptual modeis have
ungergons peer review according o
§£i53.27.

(b} Compurer codes vsed to support
eny compliance application shall be
documsnied in & manner that complies
with the requirements of ASME NQa—
2a-189C addenda, part 2.7, to ASME
NQ#-Z-1588 edition. (incorporation by
reference as specified in § 184.5)

{z} Documentation of all models and
computer codes included 25 part of any
compiiance application performance
assessment calculation shall be
provided. Such documentation shall
inzlude, but shall not be Hmited 1o

{1) Descriptions of the theoretizal
Sackgrounds of zach model and the
method of analysis or assessment;

(2) Generz] descriptions of the
models; discussions of the limits of
zpplizability of each rnodel: derailed
inscuctions for executing the computer
codes, inciuding hardware and software
reguiremensts, input and output formars
with =xplanations of each input and
output variable and parameter (e.g..
paramerer name and units); Lstings of
input and outpui files from a sample
computer rumn; ancd reporis on code
verification, benchmarking, vaiidation,
and guality assurance procedures;

{3) Detziled deszriptions of the
stucture of computer codes and
compiste listings of the source codes;

{4) Dezailed destriptions of data
clleciion procedures, sources of date,
21z reduciion and anzivsis, angd cods
DU Daramerer develnpment;

{3} Any necessary licenses: and

A g
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(5} An explanation of the manner in
which models and computer codes
incorporate (he ellects of paremeter
correlatipn,

(d}) The Administrator or the
Adminisiraior's authorized
representative may verify the resulis of
computer simulations used 16 support
any compliance application by
performing independent simulations.
Data files. source codes, executable
versions of computer sofrware for each
model, other material! or information
nesded to permit the Administrator or
the Administrator's authorized
representalive to perform independent
simulations, and access 10 necessary
hardware 1o perform such simulations,
shall be provided within 30 caiendar
days of 2 reguest by the Administrator
or the Administraror’s authorized
Tepreseniative,

§184.24 Waste characterizztion.

{a) Any compliance application shall
describe the chemical, radioiogical and
physical composition of ali existing
waste propossz Jor disposal in the
disposal svsiem. To the exten:
practicable, any compliance application
shiall also deseribe the chemical,
radiological anc phvsical composition
of 1o-be-generzred wasie proposed for
disposal in the disposal system. These
descriptions shall inziude 2-list of wasts
components and their approximate
quantities in the waste. This list may be
derived from process knowisdgs, '
CurTen: non-destructive examination/
2ssey. or other information and
merhods,

{p] The Depariment shall submi in
the compliance certification applization
the resuits of 2 analvsis which
subsiantiares:

{1) Thar all waste cheracreristics
influencing containment of waste i the
disposal system have bDeen identifies
and essessed for their impact on
disposal svstem performance. The
charazteristizs to be analvzed shall
inclede, but shall not be kmited ta:
Solubility; {ormation of collgidal
suspensions conizining radionuclides;
production of gas from the waste; sheas
strengii: compaciability; and other
waste-rejated inpurs into the computer
models thai are usad in the performance
assessment

(2} That 21l wasre components
influencing the waste charatteristiss
identified 1n paragraph (p)(1) of this
seciion have been identified and
assess= for their impact on disposal
system performance. The components 1o
be analyzed shall incinde, but shall not
be limited to: metals; cellulosics:
chelating 2gents; water and other

(o)

Higuids: and activity in curies of each
isotope of the radionuelides present
(3) Any decision (o exclude
consideration of any waste
characteristic or waste component
because such characteristic or
component is not expected to
signilicantly influence the conzainment
of the waste in the disposal system.
(c) For each waste component
identified and zssessed pursuant to
paragraph (b) of this section. the

-Department shall specify the limiting

value (expressed as an Loper or lower
Iimit of mass, volume, curies.
concentration, et¢). and the asspsiated
unceriziniy (L.e., marein of ercor) for
=ach limiting value, of the tozal
inventory of such waste proposad for
disposal in the disposal system. 4Any
complizance application shall:

{1) Demonstrate that, for the 1ozl
inventory of waste proposad for
dispesal in the disposal system, WIPP
compilies with the numeric
requirements of § 184,34 and § 194,55
for the upper or lower limits {including
in¢ associated uncerzinties), 25
appropriate, for each waste component
identified in paragraph (B}(2) of this
section. and for the plausible
combinations of upper and lower limits
of such waste components that would
resull in the greatest estimated relezse.

(2} Identify and describe the
metod(s) used to quantify the limits of
weste components identified in
paragranh (D) (2) of this section.

(3) Provide information which
demonstrates that the vse of prozess
knowledgs to guantifv components in
waste for disposal conforms with the
Juality assurante requirements found in
§10422

(4} Frovide information which
gernonstates that 2 system of controis
has been and will continue to be
implemented ta confirm that the 1otal
amouni of each waste component that
will be emnplaced in the disposal system
will not exceed the upper limiting value
or {all below the iower limiting value
described in the inroductory text af
paragraph (¢) of this section. The system
of contrpls shall include, but shall not
be limired 10: Measurement: sampling;
chain of custody records; record keeping
systemns; wasts Joading schemes used;
and other documeantation.

(5) Jdenufy and describe such controls
delinesated in paragraph (c}(4) of this
section anc confirm that they are
applied in accordance with the guality
assurance reguirements found in
§154.22,

{d) The Department shall include &
wasie loading scheme in any
compliance application, or eise
periormance essessments conducted
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Dursuant tp § 394,32 ang compliance
2ssessments conducted pursuant 1o
§ 154.54 shall assume random
plazement of waste in the disposal
sysiem.

" (e) Waste may be emplaced in the
disposal system only if the emplaced
componens of such waste will not
cause:

{1} The total Quantity of waste in the
disposal system to exceed the upper
limiting vajue, including the associated
uncertaingy, described in the
ntroduciory text 1o paragraph {c) of this
section, or

{2) The toal ouantity of waste tha
will have been emplaced in the disposal
SyStern, pror 10 closure, 1o fall beJow
e lower Hmiting value, including the
essotiated unceraingy, deseribed in the
inroductory 1ex1 10 paragraph (¢ of this
seclion.

{ft Waste emplacement shalj conform
0 the 2ssumead wasie loading
conditions, if 2ny, usad in periormancs
Essessments conducted pursuant to
§1B£.32 ang compliance assessmennts
conducted pursuani 1o §154.54, -

{g) The Department shal) demonstrace
in 20y complianze application that the
o2l inventony of wasie emplaced in the
disposal system compliss with the
iimizztions on wansuranic waste
disposal described in the WIPP LWA.

{8} The Adminisgraror will use
inspections and records reviews, such
2s audizs, to verify complance with this
5eChion.

§7184.25 Tuture state assumptions.

{z} Unless otherwise specified in this
Pami or in the disposal regulations,
DEmdIInance 2ssessments and
comphiance assessments conducied
Pursuant g orovisions of this Dart to
demonstrare compliance with § 181 13,
£1.15 and par 18], subpart C shall

&ssume that characreristics of the furre
TEm2ain what they are ai the time the
tompliance 2pplication is Drepared,
provigec tha: such characteristics are
o related o h}fdrogeologic. geologic or
chirnatic conditions.

(&) In considering furure stares
Dursuan 1o this section, the Deparmment
shzli document in any compliance
applization, to the extent Dracticable,
effects of potential furure bydrogeoiogic,
g=ologic and climatic conditions on the
disneszl system over the regulaiory time
frame. Such documentation shall be part
of the activities undertaken pursuant o
§154.14, Comen; of compliance
certification application: § 154.32,

-Scope of performance assessments; and
" B4.5¢, Scope of compliance
©-sessments.

{in considering the efferts of
hydrogeoiogic conditions on e

“n
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disposal svsiem, the Department shal)
document in any compliance
application, o the extent practicable, _
the efTects of potential changes 1o
hydrogeologic conditipns,

() In considering the elfects of
geologic conditions on the disposal
system, the Department shal) document
inany compliance application, 1o the
exlent practicable, the efferts pf
potential changes to feologic
conditions, inciuding, but not limited
to: Dissolution: near surface geomorphic
features and Processes; and relaied
subsidence in the geologic Lnits of the
Cisposal system.

(3) In considering the effasts of
climatic conditions on the disposal
system, the Department shall document
In any compliance application. (o the
ex1ént practicable, the efecrs of
potential changss to future climate
cycies of increased precipitation (zs
compared 1o present conditions).

§194.28 Exper‘ljudgment.

(2} Expernt judgment, by an individua)
SxXpert or panel of experts, Tnay be used
10 SupDDrt any complianee applization,
provided thas expert judgment does noy
substtute for information that could
reasonably be obtained through data
coliection or experimentation. ‘

(b} Any compliance application shalt:

(1) Identify eny expert judgments
used 10 suppor the application and
shall identify experts (by name and
employer) invoived in any expert
Jjudpment elicitation processes usad to
support the anplication,

(Z) Describe the process of eliciting
experi judgment, and dorument the
results of expert judgment elicizztion
processes and the reasoning behing
those results. Dozumentation of
interviews used 1o alirit Judgments from
experts, the questions or 1ssues
presented for eliciiation of expert
Jjudgment, background information
provided to experts, and delibarations
and formal interastions 2mOng experts
shall be provided, The Opinions of al]
eXperts involved in each elicitarion
process shall be provided whether the
opinions are used 1p support
compliance applications or noe,

{3) Provide dorumentation that the
foliowing resmictions and Buidelines
have been applied to any seiection of
individuals used 10 elicit expert
Jjudgments;

(i) Individuals who are members of
the team of investigators requesting the
Judgment or the team of investigaiors
who will use the judgment wers not
selected; and

(if) Individuals who maintain, a: any
Organizational level, a Supervisory role

w2

or whe are sepenvised by those who wil)
utilize the judpment were not selecied.

(4) Provide information which
demonsirates that:

(i} The expertise of any individual
involved in expert judgment eliciation
Comporis with the jeve] of knowledge
required by the questions or issues
presenied to that individual: 2nd

(i) The expertise of any expert pane],
as z whole, involved {n £xpert judoment
elicitation comports with the level and
veriety of knowledge reguired by the
QUeslions or issues presented 1o that
panel.

{5) Explain the relationship among the
information ang issues pbresanied to
BXpents prior to the elicitatipn progess,
the elicited judgment of any exper:
panel or individual, and the purpose for
which the 2XDert judgment is being used
in compliance epplications(s).

{8) Provide documentation that the
initial purpose for which exper

judgment wes intended, as prasentec to

v

e expert pansl, is consistent with the
ourpose for which this judgmeant was
used in compliance applization(s).

{7} Provide documeniatipn that the
foliowing restictions ang guidelines
Nave deen appliad in eliciting expert
Jjucgment

{i) Atieest five ingividuals shzll be
used in any exper elicization prozess,
uniess there is z jack or unavailability
of experts and 3 documented rationate
is provided that explains why fewsr
than five individuals were selecred.

(if) At least two-thirds of the experts
Involved in an elicitatipg shall consist
of individuals who are nos emploved
direzily by the Depatment or oy the
Department's conractors, unless the
Department can demonszate ang
document tha: there is » lack or
unavaijadility of qualified independent
expers. If so demonstrated, at Jeast one-
third of the Bparts involved in an
elicization shall consist of individuals
Who are not employed directiy by the
Department or by the Department's
conractors.

{c) The public shal] he affordad a
rezsonable Opporn:nity to present irs
scientific and technical visws o expert
Panels s input s any expert elizitation
process,

§194.27 Peer review.

(@) Any compliance application shall
include docurnentation of eer review
that has besn conducted, in 2 manner
reouired by this section, for:

(1) Conceptual models selested and
developed by the Departmens;

(2) Waste characterization anzalvses as
reouired in § 184.24(); and

{3} Engineerac barrier evaluation as
required in § 194 42
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(b) Peer review processes required in
saragraph (2) of this section, 2nd
conducted subseguent to the
promulgation of this part, shali be
conducted in a manner that is
compatible with NUREG-1287, “Peer
Review for High-Level Nuclear Waste
Repositories,” published February 1988,
(incorporation by reference as specified
in§184.5)

(¢) Any compliance application shall:

(1) Include information that
demonsirates that peer review processes
reguired in paragraph (2) of this section,
and conduzted prior to the
implementation of the promulgation of
this part, wers conducted in accorgance
with an 2lternate process substantally
equivalent in effect to NUREG-1287 and
zpproved by the Adminisirator of the
Administrator’s authorized
representative, and

{2) Dozument any peer review
orocesses conducted in addition 10

-these reguired pursuant 1o paragraph (a)
of this secron. Such documen:ation
shell inciude formal reguests, from the
Department to Outside review groups or
individuals, 10 revisw or comunent on
2ny inforrpation used 10 SUppoOT
compliance applications, and the
responses from such groups or
individuals.

Containment Reguirements

§184.31 Applization of release limits.

The release limirs shall be calculated
according to part 191, appendix A of
this chapter, using the total activity, in
curies, thar will exist in the disposal
system at the timne of dispesal.

£184.22 Scope of periormance
2ssessments.

(2) Performance assessments shall
consider natural processes and gvents,
mining, desp drilling, and shaliow
drifling that may affect the disposal
systern during the regulatory time frame,

(b) Assessments of mining effects may
be limired to changes in the hydraulic
sonductivity of the hydropeplogic units
of the disposal system from excavation
mining for natural resources. Mining
shall be assurned 1o occur with 2 one in
100 probability in each century of the
regulatory time frame. Performance
2esessments snall essume that mineral
denosits of those respurces, simiiar in
guality and 0'pe 10 those resources
currendy extracted from the Delaware
Besin, will bz completely removad from
The controlled arez during the century in
which such rniring is randomly
calculated to pocur. Complete removal
of such mineral respurces shall be
assumec 1o oocur only once during the
regulatory time frame.
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(c) Performance assessments shiall
include an analysis of the effects on the
disposa) sysiem of any activities that
occur in the vicinity of the disposal =~
systern prior to disposal and are
expetied to occur in the vicinity of the
disposal system soon after disposal.
Such activities shall include, but shall
not be limited to. existing borehoies and
the developrnent of any existing leases
that can be reasonably expected to be
developed in Lhe near future. including
borenoles and leeses that may be used
for fluid injection activities.

{d) Performance assessments NeeC Not
consider processes and gvents that have
less than one chance in 16,000 of
occurring over 10.000 years.

(2) Any compliance applications)
shell include information which:

{1} ldentifies all potential processes,
events or sequences and combinations
of processes and events thai may oTcur
during the regulatory time frame and
mazy affect the disposal sysiem;

(2} Identifies the processes, events or
seguences and combinations of
processes 2nd events inciuded in
performance assessments; nd

{(3) Documents why any processes,
events pr sequences and combinations
of processes and events identified
pursuant tc paragraph {e}{1} of this
section were notincluded in
performance assessment resulis
provided in any compliance
application.

§194.22 Consideration of drilling events in
performance assessments.

(z) Periormanse essessrnents shall
examine deep drilling and shallow
driliing tha: may potentially aiTect the
disposal system during the regulatory
time frame.

{b) The following assumptians and
process shall be used in 2ssessing the
likelinood and consegquences of drilling
events, ang the results of such process
shali be documented in any compliance
applicaton:

(i} Inadverient and intermitrent
intrusion by driliing for resources (pther
than those rasources provided by the
waste in the disposal system or
enginesred bamriers designed to isolare
such wasie) is the most severe hurman
intrusion seenario.

" {2) In performance assessments,
drilling events shall be assumed to
pzcus in the Delaware Basin at rendom
intervals in time and space during the
regulatory time frame.

(2) The frequency of deep drilling
shall be calzulated in the iollowing
TManner.

{i) identify deep drilling that hes
peeurred for each resource in the
Delaware Basin aover the past 100 years

(3

priorip the time at which a compliance
application is prepared.

{ii} The total rate of deep drilling shall
be the sum of the rates of deep drilling
for cach resource.

(4) The frequency of shallow drilling
shali be calculated in the following
manner:

(i} Identify shallow drilling that has

occurred for each resource in the

Delaware Basin over the past 100 vears
prior 10 the Ume at which 2 compliance
application is prepared.

(i} The total rate of shallow drilling
shall be the sum of the rates of shallow
drilling for each resource.

(iii) in considering the historical rate
of all shallpw drilling, the Department
may, if justified, consider only the
nistorical rate of shallow drilling for
resourzes of similar tvpe 2nd ouality to
those in the controlied area.

(c) Performance a2ssessments shall
document that in analvzing the
conseguences of drilling events, the
Deparument assumed that

{1) Future drilling practices and
technology will remain consistent with
practices in the Delaware Basin at the
time 2 compliance application is
prepared. Such future drilling practces
shall include, but shall not be limited
tc: The types and amounts of drilling
fluids: borehole depths, dizmeters. and
sezls; and the fraction of such boreholes
that are sealed by humans; and

{2) Natural processes will degrade or
otherwise affect the capabiliny of
boreholes 1o transmit fluids over the
regulatory time frame.

{d} With respect to furure a-illing
events, performance assessmants need
niot enalyze the efifects of technigues
used for resource recovery subsequenti
1o the 4rilling of the borehole.

£154.34 Results of performance
25SERSMENLS.

(a) The resulrs of performance
assessments shall be assembled into
“romplemeniary, cumulative
distribution functions™ (CCDrs) that
represent the probabiliny of exceeding
various Jevels of cumulative relesse
caused by all significant processes and
svents.

{b} Probability distributior:s for
uncertain disposal systemn parameter
values used in performance 2ssessments
shall be developed and documented in
any compliance application,

{c) Compuriational technigues, which
draw randorn samples from across the
entire range of the probability
distributions developed pursuant to
paragraph {b} of this section, shall be
used in generating CCDFs and shall be
documented in any compliance
application.
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{(d) The number of CCDFs penerated
shall be large ¢nough such that, ay
cumulative releases of 1 ang 10, the
maximum CCDF penerated excesrs the
£8th percentile of the Population of
CCDFs with at least 2 0,95 probability.
Values of cumulative release shall be
caiculated according to Note § of Table
1. Appendix A of Part 191 of this
Chazprer.

{e) &ny cornpliance application shall
Gisplay the full range of CCD s
fenerated,

{) Any compliance 2pplication shall
orovide information which
demonstrates that there is ar leastz 23
Pertent leve) of siatistical confidence
ihat the mean of the population of
CCDFs meets the containment
Tezvirements of § 121,13 of this chapter.

Assurance Requirements

£154.47 Active institutional controis,

&) Any compliance application shall
inchude dertajled descriptions of
27oposed active institutional controls,
e COntrols’ location, and the period of
ime the conrols are prooesed 1o remain
ztive. Assumprion Deraining to active
instrtional conrrols and their
effeztivensass in tarms of preventing or
reducing radionuclide relsases shall be
S4p20med Dy such descriptions.

{b} Performance assessments shall not
*onsider any contributions from arctive
msutional canrols for more than 100
vears after disposal.

L

)

§1584.42 Monitoring,

(z) The Department shall conduct an
2nelvsis of the effects of disposal svstem
Deramelers an the containment of waste
=% the disposal sysiem ang shall include
T results of such anajysis in any
compliance zpplication, The resutts of
3¢ znalysis shall be used in developing
Diens far pre-ciosure and posi-closurs
mOniiozing required pursuant to
Saregraphs (o) and (d) of this sertin,
The dispasal system paramstars
anelyzed shall inciude, ar 2 minirum;
(1) Froperties of backfilled material,

inzluding porosity:, Dpermeability, and

gezree of compaction ang
razonsolicdaton:

{2} Stresses and eytent of deformation
ol the surrounding reof, walls, and floor
o the waste disposel room;

3} Initiation or displacement of major
orirle deformation features in the roof
Or furounding rozk:

{¢) Ground water fiow and other
effects of human inmusion in the
vicinity of the disposal systen:;

" '3} Brine quantiry, fiin;, composition,
oL o soatiel diswibution:

213} Gas cuantity ang compesition: and

7} Temperature distribution,
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(b) For al] dispesal Sysiem paramelers
an2iyzed pursuant (o paragraph {a) of
this section, any compliance application
shall document and substantjate the
decision not 1o monitor = Particular
disposal sysiem parzmeter berause thar
parameler is considered to be
insignifican: 10 the containment of
waste in the disposal svstem or to the
verification of predictions abous (he
future performance of the dispesal
svstem.

{¢) Pre.-closurs monitoring. To the
extent practicable, pre-closure
monitoring shzil be condusied of
significant disposal syslam parameter(s)
zs jdentified by the analyvsis conduried
bursuant 1o paragraph {z) of this serction,
A disposal system Darameter shall be
considered significant 17 it affects the
SYStem’s ability to contain waste or the
2biliny 10 verify predictions about the
future performance of the disposal
svstem. Such moniioring shall begin as
S00n as practicable; however, in no rasge
snall wasie be emplaced in the disposal
SYSI2M Drior 10 the implementation of
pre-ciosure moniioring. Pre-ripsure
monitoring shall end at the tme a1
which the shafts of the dispoesz! svstem
are sacidilied and seajed.

(d} Posi-ciosure monitoring. The
disposal svstem shall, 1o the extam
practicable, be monitored s soon as

Practicadle after the shafts of rhe
disposa! system are backfilled and
sszled 10 datest substanuial ang
detimental deviations from xperted
performance znd shall end whan the
Depariment can dembonstrate 1o the
sausfaction of the Adminismero- that
there are no significan: CONCens o be
addressed by further mornitoring. Pos;-
ciesure mornitoring shall be
complementary 1o monitering required
pursuani o applicable fegeral

hazardous waste regulations at parts
284, 283, 288, and 270 of this thepler
enc shell be conductad with echnioues
21 go not jeopardize the coniainmmens
of waste in the disposz: Sysiem.

{e) £ny compliance application shel]
Inziude detziled pre-closure ang pDsi-
Cipsure MOnioring nians for monitoring
the performance of the dispesal svstam,
At a minimum, suzch plans shall:

(1) Idenufy the Darameters that will pe
monitored and how baseline vaiyes will
be determined:

(2) Indizate how each parameter will
be used w evaluate any deviations from
the expected performance of the
disposzl svstem; ang

{3) Discuss the length of time over
whizch sazh paramersr will De moniipred
to getect deviations from expecied
periormance.

{»d

§194.43 Pascive institutiona? controfs,

() Anyv compliance applicaiion shall
inzlude detailed de triptions of (he
measures that wil] pe emploved 1o
preserve knowledpe zbout the lecation,
design, and contents of the disposa}
systemn. Such measures shall inciude:

(1) identification of the controlled
area by markers that have been Oesignad
and will be fabricated and emplaced to
O¢ 25 Darmanent zs practicabie;

(2} Piacement of records in the
arcilives and land recorg systems of
local, Siate, and Federal Bovernments,
anc international arzhives, that would
ikelyv be consulies by individuals in
search of unexploited resources. Such
records shall 1dentify;

(i} Th= ioeation oi'the conrroiied areg
and the disposal svstem;

(i) The desipn of the disposzal svsiem:

(i) The narure and hazard of the
wasle;

(iv) Geologic, gzochemice],
hydrologic, and other site Catz perrinant
1o the containment of waste iz the
Cisposal system, or the Iozation of such
in{ormation; ang

() The resnis of L2sts, experiments,
angd other analyses relating 1o backfill o7
Excavared arszs ghaf; sealing, weaste
ILSTacuon with the disposal Evsiem,
and other tests, EXperimenis. or anatvses
DeTlinent to the contzinmen: of waste in
the disposal system, or the lozation of
such injormation,

(3) Other Dassive institutionz]
CONIols practicable 1o indicate the
dangess of the waste and its lozation,

(b} 4ny compliance applicazisn shall
include the period of time Dassive
Institrtional controls are experiss 1o
endure and be undersiopd.

(2} The Adminisiratn- may 2ilow the
Depariment to assume Dassive
Instilurional contro] credit, in the form
ol reduzed likelihood of numan
Intusion. if the Department
Gemonsates in the tompliance
2pplication that such credis is Justified
Decause the passive insynrtional
COnNrols are expectsd 1o endure and be
undersioond by potemial Itruders for
the time period 2pproved by the
Adrninismazor, Such credit, or & smaller
credii 25 determined by the
Administrator, cannot be used for more
than several hundregd Years and may
decrease over time. in no case, howaver,
shall passive institutional Conirels be
2ssumed to eliminate the likelihond of
human inrrusion entirely.

§194.44 Engineered barriers.

(a) Disnosal Systems shall incorporate
engineersp Darrier(s) designed to
PYEVent or substantaliy deley the
movement of water oy radicnuclides
loWerd the accessibie environmex;.



(b) In selecting any engineered
Sarrier(s) for the disposal system, the
Department shall evaluate the benefit
and detriment of engineered barrier
aliermatives, including but not limited
1o Cementation, shredding.
supercompaction, incineration,
vitrification, improved waste canisters,
grout and bentonite backfill, melting of
metals, alternative confipurations of
weste placements in the disposal
svstern, and alternative disposal sysiem
dimensions. The results of this
evaluation shall be included in any
compliance application and shall be
used to justfy the selection and
rejection of each engineered barrier
evaiuated.

(¢}(1} In conducting the evaluation of
enginsered barier alternatives, the
following shall be considered, to the
extent practicable:

(1) The ability of the engineered
barrier 1o prevent or substantezlly delay
thz movement of water or waste ioward
the accessible environment:

{i1) The impact on worker expesure to
raciation both during and after
incorporaiion of engineered barriers;

(ifi} The increzsed ease or difficulty of
removing the waste from the disposal
svstem;

(v} The increased or reduced risk of
Fansporiing the wasts to the disposal
svstem;

{v} The increzsed or reduce
unczerzinty in compliance agsessment;

(vi) Public comments Teguesting
spedific engineered barriers;

{vit) The increased or reduced toral
svsiem costs;

{viii) The impart, if any, on other
wasie disposal programs from the
incorperadan of engineered barriers
{e.z., the exTent to which the
incorporation of engineered barsiers
aff=cre the volume of wasta);

(>} The efects on mitigating the
conseguences of hurnan inrrusion.

{2} If, after considaration of one or
more of the factors in paragraph (c)(%) of
this section, the Department concludes
that any enginessred barrier considered
within the scope of the evaluation
should be rejected without eveluating
the remazining factors in paraeraph (¢} (1)
oi this secrion, then any compliance
epplication shall provide 2 justification
for this rejection explaining why the
evaluation of the remaining factors
would not alter the conclusion,

{d} In considering the abitiry of
enginesred barriers to prevent or
substandally deley the movemen: of
water or radionuclides toward the
accessible environment, the benefit and
demiment of enginesred barmiers for
exisring wasie already packaged,
existing waste not yet packaged, existing
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waste in need of re-packaging. and to-
be-generated weaste shall be considered
separately and described.

(e) The ¢valuation described in
paragraphs {b), (c) and (d) of this section
shall consider engineered barriers alone
and in combination.

§194.45 Consideration of the presenze of
resources.

Any compliance application shall
include information that demonstrates
that the favorable characieristics of the
disposal system compensate for the
presence 0 resources in the vizininy of
the disposal sysiem and the likelihood
of the disposal svstemn being disturbed
a5 2 resuit of the presence of those
resources. I performance assessmernts
precict tha: the disposal sysiem meets
the containment reguirements of
£1021.13 of this chapter, then the
Agency will assume that the
requiremesnts of this section and
E181.14(e} of this chapter have been
fuliilied.

£154.4% Removal of waste.

Arny complianze applicedion shall
include dozumentation which
demonstraies that removal of wasts frorn
the dispesal system is feasible for 2
rezsoneable period of time after disposal,
Such documentation shall incinde an
analysis ol the technological feasibiliny
of mining the sealed disposal svstem,
given technology levels at the time a
compliance application is prepared.

individual and Ground-water
Protection Requirements

£§154.351
individual,

Consideration of protested

Complianze zssessments that analvze
complianze with § 181.15 of this chapter
shall essume that an individual resides
at the sinele genpraphic point on the
surface of the accessible environment
where that individual would be
expected 10 receive the highes: dose
from radionuclide releases from the
disposal system.

£§184.52
pathways,

Consideration of exposure

In compliance essessments that
analyze compliance with § 181.15 of
this chapier. 2]l potential exposure
pathways from the disposal sysiam 10
individuels shall be considered.
Compliance assessments with part 181,
subpart C and §181.15 of this chapter
shall assume that individuals conseme
2 liters per day of drinking water from
any underground source of d-inking
water in the accessible environment.

(b5

§1394.53 Consideration of underground
sources of drinking water.

in compliance assessments that
analyze compliance with part 191,
subpart C of this chapter, all
underground sources of drinking water
in the accessibie environment that are
expected to be affected by the disposal
systern over the regulaiory time {rame
shzll be considered. In determining
whether underground sources of
drinking water are expscted io be

. afTected by the disposal system.

underground interconnections among
bodies of surface water, ground water,
and underground sources of drinking
water shall be considered.

£154.54 Scope of compliance
assessments,

(a; Any compliance application shall
contain cornpliance assessments
reguired pursuant to this part.
Compliance assessments shall include
information which:

(1) Identfies potential processes,
events, or seguences of processes and
events that may occur over the
repulatory time frame;

{2) ldentifies the processes, events, or
seguences of processes and events
included in compliance a2ssessment
results provided in any compliance
application; and

{3) Documents why any processes,
Svents, o7 sequences of Drocesses and
events identified pursuant 1o paragraph
{2 (1) of this section were not inciuded
in compliance 2ssessment results
provided in any compliance
application.

(£) Compliance zssessments of
undisturbed performance shall include
the effects on the disposal system of:

(1) Bxisting boreholes in the vicinity
ol the disposal system, with akention 1o
the pathways thev provide for migration
of radionuchides from the site; and

{2) Any acrivities that occur in the
vicinity of the disposal systern prior to
or soon after disposal. Such activities
shall inciude, but shall not be Hmited
tor Existing boreholes and the
development of any existing leeses that
can be reasonzbly expected to be
developed in the near future, including
borehoies and lezses that mey be used
for finid injection activities.

§184.55 Results of compliance
assessments.

(a) Compliance assessments shall
consider and dosument uncertainty in
the performance of the disposai system.

{b) Frobability distributions for
unceriain disposal systeyn parameter
values used in compliance zssessments
shall be developed and documented in
any compliance application.
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{c) Computational technigues which
draw random sampies from across the
entire range of vaiues of each
probability distribution developed
PUTSLAnt o paragraph (b} of this section
shall be used to penerate a range of:

(1) Estimated commirteq efTective
doses received from al] pathwavs
pursuant te §194.3] ang £1584.52:

" [2) Estimated radionuclide
concentrations in USDWs pursuant (o
£194,53; ang

{3) Estimated dpse equivalent
eceived from USDWs pursuan; el
184,52 and § 104,53,

{d) The number of estimares generated
SUTSUANT 16 paragraph (t) of this seciion
shell be larpe £10ULh surch thai the
maximum estimarss of doses ang
COTCENTALONS penarated exceed the
£3th percentiis of the Popuiation of
estmates with at least = .03
probabiliny.

" {2) Any compliance applizazion shzll
displayv:

(i} The ful tange of estimares
rzdizrion doses: ang

(2} The full nge of estimared
radionucligs Toncentrations.

(I Any compliance application shall
dozument that there is ar ieastz 03
PErCent level of sratisrisg] coniidence
Gat the mean and the median of the
renge of estimeied radiation doses and
e range of estimares radionuzlige
ofeentrations meet the reguiremens of
:I81.13 and par 181, subpart C of this
chapter, respertively,

rq

irh

Subpart D—5ybiic Pariizipation

§184.8% Advance notice of proposes
Tuiemaking for certification,

{&] Uporn recein: of & complianse
aopiication submites DUrsuan: 1o
ecton 8(d) (1) of the Wirp WA ang
18411, the Agency will publish in the
edera) Register an Advance Notice of
Toposed Rulemaking announeing tha: a
compliance zpplization has heen
r2zerved. soliziting commens on such
acplication, and announcing the
AEENTY's intent to conduct & rulemaking
1o certify wheather the Wibn facilinG wil]
=omply with the disposal recujations.
(z; & copy o7 the cormnpliance
2zplitation wil' ba mage availzbis for
inspecion in Agency dockers
esiablished pursuant 1o § 10287,

{z) The natice will provigs ¢ publiz
Comment petiog of 120 davs.

{d} 4 public hearing contemning the
modce will be held if 2 wonen reguest
is received by the Adminiscaror 0r the
Administaior's zuthemzed
“epreseniative within 30 calendga- davs
*7*he date of publication DUrsuan: to
'S.eraph (2) of this section,

2 Any comments raceived on the
notce will be made avajlapie for
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inspection in the dockets esiablished
pursuantic § 194 7.

(N Any comments recejved on the
notice wiij be provided 10 (he
Departrment and the Depariment may
submit 10 the Agency written Tesponses
to the commems,

£154.62 Noptice of proposed rulemaking
for certification,

(2) The Administrator wilj publish 2
Notice of Proposed Rulemaking in the
Federal Regpister anneuncing the
Administraior's propossd decision.
pursuant 1o section B{d)(!) of the Wiop
LWA vhether 10 isspe a cerification
thar the Wi2p facility will comply with
e disposal requlations and soliziting
fomment on the propesal.

(b) The notice wil Provide z public
comment period of at least 120 davs.

{c) The notice will BNNouUnce puslic
hearings in New Mexico.

(d) Any cormmens received on the
notice will be made availaple for
inspection in the dockers establishey
Dursuant 1o § 184 87
§184.83 Finairule f5r ceriifizztion,

{2) The Administrator wilj publish g
Final Ruie in the Federal Register
announcing the Administraror's
decision, prrsyan g secuon B{d)(1}
the WIPP LW & whether 1o issug 2
certifization that the WIPD facilinv will-
comply with the disposal regulations.

(b} A dozumens sumrnarizing
significan: commenszs ang issues arising
from comments received on the Noties
of Proposag Rulemaking, 2s well 25 the
Adminisireror's response to such
significant comments ang issues, will be
prepared and will be mage available for
InSpeClion in the dockers esiablished

o

pursuani ic §154.8

oI

of

E1584.64 Documentation ¢ continueg
complianze, :

(2) Upon receipt of documentarion of
tontinued compliance with the dispose]
regulatons DUTsuant 1o section §(9) of
the WIPP LW ang §184.11, the
Administrator wil] publish z netice 3
e Federal Register announcing that
such documentation has been receivad,
soliziting commen: on such
documentazion, and announcing the
Administrater’s intent 10 determine
whether or not the WIPP faciliny
conunuss 1o be in compliance with the
disposal resuiations,

(b) Copies of documentation of
contnued compliance recejves by the
Administrator will be made zvailabje for
inspection in the dockers establisheg
bursuani o § 164,87,

" {2) The notice will provide 2 public
comment period of at least 30 cayvs zfter
publication Purstani to paragranh {(a} of
tis seztion,

(oo

() ANy comme: ‘s received on such
natice will be made availabie for public
inspettion in (he dockels esiablished

pursuant 1o § 184 .67,

{e} Upon completion of review of the
documeniation of tontinued comptiance
with the disposal regulations, the
Administrator wijl publish a notice in
the Federal Register 2Znnouncing the
Administrator's decisjpn whether or noy
O re-certify the \Wirp faciliny,

§185E5 Notize of prooosed rulemaking
for modification or revozation.

{2) If the Administreins determines
that anv thanges in aciivitjes or
conditions Dertzining io the disposal
SYStem depart signif czntly from the
TRCSt recent compliance appliczarion, the
A

~gency will publish 2 Naotce of

Toposed Ruiema}:ing in the Federa]
“ERISIET announcing the
minisrator's Proposed decision on

b
dification or re '‘0Cation, ang
iciting comment or; the proposal,
(5} Anv comments regeived
notice will be mads 2vailabie for
inspeciion in
pursuan: ic § 162 5

oy

a7

d
Q
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§194.56 Fina)

ruie for modifization or
revocation. :

(&) The Administrator wil] Dublishk a
Final Rule in the Fege-al Registar
announcing the Adminisiraor's
dezision or modification OT revoration,

{b) A documen: Summarizing
SIENILC2NT COMMEnts ang issyas arising
from comments Feceivad on the Notre

{ Proposed Rulemaking as wel’ zs the
Afministator's Tesponse o sush
significan: commenss ang 1ssues will pe
preparec and will be mage aveilable for
inspaction in the Gockers established
pursuant to § 192,57,

§194.67 Dockess.

The Agenzy will establich and
mainiain dockers in the Stare of Naw:
Mesiro 2ng Washingron, DC. The
dockets will consist of ell reievan:,
significent informatips received from
butsige parties ang a); significant
information considerad by the
Administrator in certifving whether the
WIPP faciliny wil] comply with the
dispesal regulations, in certifying

“hiether or not the WIEP facility
tontinues 1a be in tompliance with the
disposal regulations, and in determining
whether compliance certification should
be modified, suspengded or revoker,

IFR Daz, 95-2721 Filed 2-5-05: g4 am}
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Appendix NS11.2

Reproduced from WID memo:
Future Mining Events in the Performance Assessment
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WS:96:03105
DA96:11017

Westinghouse Government and Environmental Waste tsalatian Division
Electric Corparation services Company Box 2078

Carisbad New Mexica 88221
April 3, 1996

Mr., Mel Marietta, Manager

'WIPP Project Compliance Department
Sandia National Labaratories

115 N, Main Street

Carisbad, NM 88220

Subject FUTURE MINING EVENTS IN THE PERFORMANCE ASSESSMENT
Dear Mr. Marietta:

Per our discussion, this submittal updates our earlier package provided w0 you on February 29, 1996
(DA:96:11004, attached). The revised information includes changes made to incorporate comments received
from Mr. Kurt Larson of your staff.

The map in Figure S of the attachment has been revised with additional informaton by including areas where
potashk has already been mined and areas currently considered barren of potash by the Bureau of Land
Management.

Qur earlier recommendation 10 use Figure 8 to incorporate the effects of mining in WIPP Performance
Assessment Temains the same.

Should you have any further questions, please contact me at (505) 234-8380, or Mr. R. F. Kehmman at (505)
234-8690,

Sincerely

"2

B. A. Howard, Manager
Long-Term Regulatory Compliance

hmp
Anachments

cc:  without map . Distribution:

" Mike Wallace, 6749
D.R A.uder.scm, SNL-AL " Kurt Larson, 6751
G. T. Basabilvazo, CAO Peter Swift, 6821

J. E. Bean, SNL-AL Tom Corbet, 6115

M. S. Y. Chu, SNL-AL. Wendell Weart, 6000
I H. Maes, CACQ -

1. A. Mewhinney, CAQ
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EXTENT OF MINING POSITION PAPER
Revision 1

1.0 INTRODUCTION

In 40 CFR Part 194, the Environmental Protection Agency’s recently published standard for the
certification of WIPP’s compliance to 40 CFR. Part 191, they (the EPA) have specified that the DOE must
consider the impact of mining in the analysis of the long-term performance of the disposal system. The
Specific requirement being imposed by the EPA i stated in 40 CFR Part 1941, section 32(a), (b), and (c)
as follows:

(a) Performance assessments shall consider natural processes and events, mining, deep drilling,
and shallow drilling that may affect the disposal system during the regulatory time Jrame,

(b) Assessments of mining effects may be limited to changes in the hydraudic conductivity of the
hydrogeologic units of the disposal system from excavation mining for natural resources.
Mining shall be assumed to occur with g one in 100 probability in each century of the
regulatory time frame. Performance assessments shall assume that mineral deposits of those
resources, similar in quality and Ope to those resources curremtly extracted Jrom the
Delaware Basin, will be completely removed from the controlled area during the century in
which such mining is randomly calculated to occur. Complete removal of such mineral
resources shall be assumed to occur only once during the regulatory time frame.

fc Performance assessments shall include an analysis of the effects on the disposal system of
any activities that occur in the vicinity of the disposal system prior to disposal and are
expected to occur in the vicinity of the disposal system soon after disposal. Such acrivities
shall include, but shall not be limited to, existing boreholes and the development of any
existing leases that can be reasonably expected to be developed in the near Sfuture, inciuding
boreholes and leases thar may be used for fluid injection activities.

The phrase “Performance assessments shall assume that mineral deposits of those resources, similar in
quality and rype to those resources currently extracted from the Delaware Basin, will be completely
removed from the controlled area” in section (b) and the phrase “ any activities that occur in the vicinity
of the disposal system prior to disposal and are expected to occur in the vicinity of the disposal system
soon after disposal” in section (c) require a definition of an area within the controlled area (b) and outside
the controlled area (c) for the purposes of analysis. Defining the requisite areas to satisfy these
requirements is the subject of this paper. '

The EPA provides extensive discussion of how the impacts of mining are to be considered in the
supplemental information provided with the new standard. However, the EPA only pives limited
guidance on how to determine the extent of mining that raust be considered. This is an important factor,

- because the extent of mining determines whether or not the effect of subsidence will directly affect the
performance of the disposal system. In the Supplemental Information provided with the rule, the EPA
states: “Some natural resources in the vicinity of the WIPP can be extracted by mining. These natural
resources lie within the geologic formations Jound at shallower depths than the tunnels and shafis of the
repository and do not lie vertically above the repository. Were mining of these resources to occur, this
could alter the hydrologic properties of overlying formations .. Following this statement, the Agency
proceeds to provide a methodology to bound such considerations based on their analysis of the effects of
subsidence. Subsequently, the EPA states that “The final rule specifies those assumprions and methods
that shall be used in performance assessments io account for the effects of mining.” As a basis for the
assumptions that are specified in the rule, the EPA points out their intent that “the historical record of the

1U. S. Environmental Protection Agency, 1996, “Criteria for the Certification and Re-Cartification of the
Wasle Isolation Pilot Plant’s compliance With the 40 CFR. Part 191 Disposal Regulations; Final Rule”, Federa/ Register,
Vol. 61, No. 28, pp 5224, February 9, 19%6.
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past 100 years' mining activity in the Delaware Basin provides a reasonable basis for predicting the
nature of future mining activity.” The EPA applied the historical record in two ways. First, it used the
record to determine a frequency for mining as specified in the rule, and second, it used the record to
address the physical characteristics of the mining activity. Only this second aspect is of concern in this
paper. )

With regard to the physical characteristics of the mining activity, the agency imposes assumptions and
limitations that assure consistency with the future states requirements elsewhers in 40 CFR Part 194
Specifically, in the supplemental information, the agency states that “fhe size and shape of the mine”
should conform with “existing mineral deposits that are similar in type and gquality to those extracted in
the Delaware Basin.” The EPA provides the following rationale for this requirement: “The Agency basis
Jor this requirement was their consideration of the physical nature of mining activities that are currently
underway in the Delaware Basin. First, the Agency assumed that the size and shape of a mine will be
dictated by the size and shape of the mineral deposits that are to be extracted with no two mines being
alike. The mineral deposits that will be mined in the Juture may consist of minerals of current economic
interest, or of materials not usefil or valuable in present-day terms. Without knowledge of what these
Juture resources might be, any attemp! to predict the size and shape of the associated mineral deposits
would be speculative, as would any attempt to determine the size and shape of the mines used to extract
them. The Agency further recognized that individual mines are of highly irregular shape and there is
every reason to believe that deposits of minerals that are mined in the Juture will also vary in size and be
highly irregular in shape. The Agency believes that no logical mathematical scheme exists that could be
used to predict the potentially wide variety of sizes and highly irregular shapes. In light of the
speculativeness and mathematical difficulty, the Agency has chosen to use existing mineral deposits as
"stand-ins" to be used to determine the size and shape of the unknown mineral deposits that riight be
mined in the future. Thus, the final rule requires performance assessments to assume that all the
presently known mineral resources lying within the controlled area will be extracted at the single point in
time determined by the method in the Sinal rule, discussed above.” Tn other words, because
implementing this requirement can lead to a great deal of speculation which the EPA seeks to prevent, the
DOE should use the existing minerals as the basis for demonstrating compliance with this requirement.
The only minerals of interest are the potash minerals that occur in the McNutt Potash Member of the
Salado.

The discussion in the Supplemental Information clearly equates "presently known mineral resources lying
within the controlled area” to "existing mineral deposits lying within the controlled area that are of similar
quality and typw to those minerals currently extracted” (see the last two paragraphs on 61 FR 5229). The
entire controlled area s overlain by potash mineralization. Both the thickness and punty vary spatiaily.
The EPA recognized that the current practice within the potash mining arez is to recover those resources
that can be extracted economically. The challenge for the DOE is to assign a boundary to the extent of
muning that is consistent with the certification criterion, thus accomplishing the EFPA’s goals.

In order to assign a suitable boundary, the DOE can turn to further text in the supplemental information.

In the section titled “Changes to the proposed rule,” EPA clarifies that they intend for the DOE to use
current practices as the standard for this analysis. Specifically, the EPA states: “ddditionally, the
requirements of the final rule specify the method for determining the size and shape, location and point in
time at which mining occurs. The Agency specified these items to provide clarification on how mining
should be considered and to avoid unbounded speculation that would result from the high uncertainty
regarding whether, where and how mining would occur in the Land Withdrawal area. EPA’s decision
was based on a desire to include mining in performance assessment in a realistic fashion without
recourse lo such unconstrained speculation. To this end, the JSinal rule has specified that mining will
continue at the same rate as it has over the past 100 years, that the area to be mined is the area that
contains mineral deposits of similar type and quality to those that are currently extracted in the Delaware
Basin, and that only the major impacts on the disposal system of mining need be considered. EPA
believes this is consistent with the future stares assumptions of section 25 as they apply to the future

2
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activities of man.”

This clarification certainly indicates that the EPA did not intend that “all” potash be considered. Instead,
only those considered to be resources consistent with current usage of the term. Applying the EPA’s
guidance raises the question “whose estimate of resources should be used?” As stated above, the EPA’s

inteat of their requirement is to use current conditions to provide estimates for future conditions. The

2.0 BACKGROUND

The development of potash in southeastern New Mexico dates back to 1926, with the first commercial

Ipment occurring in 1931, At one time, eleven different companies were exploring for potash in the
region. A large portion of the potash minerals lie within properties owned by the Federal Government
and administered by the BLM. The BLM administers these resources under the federal Mineral and
Leasing Act of 1920 and the Federa] Land Policy and Management Act. Management policy is codified
a5 43 CFR Part 3000. Part of the BLM’s responsibility is resolving disputes between the oil and gas
industry and the potash industry over priority use of leases. These disputes develop because, according to
Olsen, 19932 ", exploiting petroleum and potash at the same location would create unacceptable safety
nisks for underground mining and would create petroleum production difficulties.” Conflicts began
before 1939 when the first federal order designating the potash area banned ol and gas leasing. Much of
the conflict was resolved in 1987 when the ojl and gas and potash industries signed the "Statement of
Agreement between the Potash and Oil and Gas Industries on cancurrent Operations in the Potash Area”,
The state of New Mexico incorporated the principles of the agreement into their order R-111-P. The
BLM has proposed rle changes to incorporate R-111-P into the federal System, however, the change is
still pending. Typically, the BLM resolves any resource development issues in favor of potash,

One key to understanding the BLM’s decision process is the concept of the Potash Enclave. The enclave
is an arez within the boundaries established by the Secretary of Interior Order which defines the area
available for potash leasing. To qualify for enclave status, lands must contain ore that meets minimal
leasing criterion based on boreholes that are up to 1.5 miles apart (The 1993 enclave map® will be
superimposed on the lease map in Figure | when the digitization of the enclave map is completed.) The
long-standing policy of the BLM (since 1975) is to dexry requests to drill oil and gas wells from surface
locations within the enclave. However, the current policy uses the concept of drilling islands within the
enciave for ol and gas resources that may not be available from outside the enclave. Drilling islands are

20]5:11, James A, 1993, "Federal Management of the Potash Area in Southeastern New Mexico”, in Carfshad
Region, New Mexico and West Tevas, by D. W. Love et al., New Mexico Geological Society 44th Annual Field
Comference, October -9, 1993,

3. s Bureau of Land Management, 1393, "Preliminary Map Showing Distributions of Potash Resources,
Carisbad Miming District, Eddy & Lea Counties, New Mexico”, U.S. Bureau of Land Management, Roswell, NM.

3

SUXCF- A L.3.073.PA QA TsL: NSIL Hy



permitied within the enclave when certain conditions are met as defined in the BLM's regulations®,
Currently, the BLM enforces either 2 0.25 mile barrier for oil wells and 2 0.5 mile barrier for gas wells in
the vicinity of existing operating mines or z barrier that is equal to 110 percent of the depth to the mire.

The BLM maintains estimates of potash resources and reserves based on information provided by the
U.S. Geological Survey, the DOE, and operating companies. The operating company data are generally
held by the BLM as proprietary and are not available to the public. In addition, operators are required to
file mine development plans with the BLM. These, too, are proprietary and are not available for

~ shown below and were collected by the EPA for the Background Information Document supporting the
40 CFR Part 194 Final Rulemaking’. The EPA’s information reflects mining both within the Delaware
Basin and outside the Delaware Basin. In the following table, the resources of Eddy Potash and Horizon
Potash lie outside the Delaware Basin; those of New Mexico Potash, IMC, and Mississippi Chemical lie
both outside and within the Delaware Basin; and those of Western-A g lie within the Delaware Basin,

Active Potash Mines in New Mexico Showing Estimated Capacity, Average
Ore Grade, and Mine Life at the Average 1992 Price of $81.14/st product

[ Eddy Powsh Inc.? Eddy 550,000 13 4
Horizon Potagh Co, Eddy 450,000 12 6
DMC Fertilizer, Inc. Eddy 1,000,000° 113 13
Missisxippi Chemical Eddy 300,000 15 125
New Mexica Potash? Eddy 450,000 14 25
Western Ag-Minerais? Eddy 400,000 83 30
—— e —

Data fram J.P. Searis, U.5. Bursau of Mines, , oral commupicavon, 1963,

! May not be operating at full capacity .

2 Owned by Trans-Resource, Inc.

3 Muriate, langbeinite, and suifate combined.

* Owncd by Rayrock Rescurces of Canada,

Slangbdnitc oaly.
Certam public information is available and has besn consulted for this Paper. This includes property title
abstracts for the sections of land within the controlled area (which is the area inside the WIPP site
boundary), BLM lease maps, BLM reserve maps, and a minerai evaluation report prepared by the
NMBMMR at the request of the DOE. In addition, a map of current oil well drilling within the enclave
was used. : '

2.1 Background on leased areas outside the WIPP conirolled area

The current lease holdings within the potash area® are shown in Figme 1. Typically, potash leases are
obtained as the result of exploration and as the reward for discovery. While numerous interest have
historically owned potash ieases in the arez, these have been consolidated through acquisition into the

“us. Department of Interior Secretarial Order dated October 28, 1586 designating the Oil-Potash Area, 51 FR
39425, _

>U.5. Eavironmenta] Protection Agency, 1995, Background Information Document, 40 CFR Part 194, Chapier
9, Tabie 9-2.

8U. S. Bureau of Land Mansgement, 1995, "Preliminary Lease Map of the Carlsbad Mining District, Eddy and
Lea Counties, New Mexico™.
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eight holding companies shown in F igure 1. Five of these companies are currently mining in the area.
One of the holding companies is an oil company,

Under current federal regulations, all mine operators are required to file a life of mine reserves (LMR)
document with the BLM. This document, which is held as proprictary by the BLM, defines the proposed
extent of mining that a company plans. The LMR is used by the BLM in resolving leasing conflicts
between oil and gas interests and potash interests, Fig,m-e 2 illustrates the distribution of oil and gas wells
within the Delaware Basin in the vicinity of the WIPP’. For the most part, the wells within the potash
area are in ocations determined to be barren by the Bureau of Land Management and, consequently, not
likely to conflict with potash development.

Another area of interest is the leased area directly north of the WIPP site. This area is shown as being
leased to both a potash company and an oil company. Priority for use of this area is cwrently under
litigation. It is likely that as Jong as the oil interest holds the lease, no mining will ocer.

22 _Backeground on potash within the WIPP controlled area

There are no active potash leases within the controlled area. A historical leasing chronology of this area
i1s provided in Table 1. Those leases in Sections 15, 17, and 18 were allowed to expire by their holders.
The others (Sections 16, 22,27,32, and 34) were acquired by the DOE in 1988 and in 1990, Based on
wformation recorded in title abstracts, prospecting occurred on all sections within the controlled area as
evidenced by the information in Table 1.

In 1995, the DOE requested that the NMBMMRS re-evaluate the natural resource information available
for the controlled area and the area within one mile of the controlled area. This report focused on oil and
gas and potash resources and used existing data to update resource estimates used in the 1980 WIPP
Environmental Impact Statement. Figures 3 and 4 are the potash reserve estimates for this area. The
heavy line marks the ore grade-thickness product that is considered to be economic by local potash
companies, The dashed line depicts the ore grade-thickness product that is generally considered by the
BLM to be lease grade and thereby qualify a property for inclusion in the potash enclave. These are
referred to as "Lease Grade Reserves” and are defined in the 1986 Secretarial Order as criterion for
nclusion in the enclave., The following table summarizes these values based on the NMBMMR
assessment,

Reserve Type Langbeinite (Figure 3) 4’ Sylvite (Figure 4)

BLM Lease 16 contour 4% K,0 at 4' 40 contour 10% K,0 ar 4'

Grade

Economic-mining | 37.5 contour 55 contour H
——e —re —— e = ——————

The assumptions that were used in the NMBMMR. assessment are valid for today’s potash economy and
the projections made in that report. One assumption is that the potash within the immediate vicinity of
the controlled area could (and would) be mined by extending existing facilities. If, sometime in the
future, after the cessation of active controls, the ore within the controlled area were mined, such an
activity would require a new infrastructure which would drasticaily alter the economics of mining,

7W¢stinghouse Electric Corporation, 1996, Preliminary Map of Ol Wells in the Delaware Basin, Based on Data
Collected by Petroleum Information Service Through June, 1995", Westinghouse Electric Corporation, Carlsbad, NM.

SNMB1\|'I!\-4[E'-l, 1995, "Econoric Mineral Resources at the Waeste Isolation Pilot Plant (WIPP) Site", New Mexico
bureau of Mines and Mineral Resourees, Socorro, NM, March 3 1, 1995,
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3.0 DISCUSSION

Based on the information in the standard and the supplemeatal information, and on discussions with the
EPA regarding their intent for the analysis of mining, the following criteria can be established for
describing the anticipated areal extent for mining.

Criterion I: Quantifiable evidence of resources upon which to base future estimates: The standard
requires the resources currently being extracted from the Delaware basin be “stand-ins™
for izing future resources that may be subject to mining.

Criterion 2: Quantifiable experience in extraction: The standard assumes that mining in the future
will be the same as it is .

Criterion 3: Quantifiable limit on quality: EPA only requires consideration of resources that are of
similar quality to those being mined today. "Quality" in this context refers to ore of
sufficient grade and thickness to make mining economical.

In addition, several assumptions and givens are needed to formulate an extent of future mining.

Assumption 2: Mining inside the controlled area will not occur within the first 100 years after
decommissioning. Since this is the active control period, mining will be deterred. -

Assumption 3: Mining technology will be the same. This means that methods used today will be used in
the future and those methods that are not economic today will be avoided in the future.

Assumption 4: Only those potash zones being mined today will be mined in the futre. Currently
uneconomical zones will not be mined; however, all currently economic potash will be
extracted from the ore zones being mined today. _

Assumption 5: - The economics of mining today and not the presence of minerals will dictate the extent

of mining. Specifically, the current ECONOmIC extraction contour will be used as the
indicator of the extent of future mining.

Assumption 6: The presence of the two hydrocarbon holes within the controlled area will have no impact
on the future development of mineral resources. Without this s:.mlphfymg assumption
significant portions of the minable reserves would be thrown out. ©

This assumption is conservative since, in rwiity, based on the NMBMMR report, the construction
of 2 mine and mill results i a net financial loss ﬁ‘ommining_withintbeWIPPgm'ltheonemi]eareaamund
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Assumption 7:  The term “quality” in Section 194.32(b} is interpreted to refer to the economics of
mining. That is, the phrase “resources of similar quality” means “resources of similar
grade and thickness™. Specifically, this is the 37.5 grade-thickness contour for
langbeinite and the 55 grade-thickness contour for sylvite.

Assumption 8: Beginning in 1993, there are no more that 50 years of minable potash reserves in the
Delaware Besin portion of the Potash Area. Even though one company reports up to 125
years of active mining, most of that company’s reserves are north of the Delaware Basin.

Finally, data sources need to be summarized since they form the basis for determining what areas meet
the criteria. Three primary sources of potash data exist These are the NMBMMR study, the BLM map,
and the leasing histories.

. The NMBMMR report provides a snapshot (as of 1995} of those resources that are economic to
recover under the assumptions made in the assessment.

- The BLM map shows the extent of resources that are of lease quality and that have been offered
for development.

. The leasing history shows those areas that have been traditionally considered worth rciajniug by
companies for future development in the area’!.

In addition, a fourth source of data that is important is the hydrocarbon drilling record associated with the
area outside the controlled area. Since buffer zones are required between drilled areas and present or
fiture mined areas as discussed above, this factor will be used to reduce the amount of leased area

~ outside the controlled area that may be mined in the foreseeable future,

4.0 RECOMMENDATIONS

The recommended extent of mining for the area outside the controlled area is depicted in Figure 5.
This area represents the currently leased area less areas that are precluded from mining by the presence of
existing hydrocarbon holes. Hydrocarbon hole barriers are set at either 0.25 miles for shallow oil, 0.5
mile for holes deeper than 5000 feet, or 116 percent of the depth to the mine. The use of leases is
Justified since the actual grade-thickness information is not available (since it is proprictary information)
and the BLM lease grade map bounds the economic mining areas. In addition, areas that are known to be
barren of resource grade potash and are not leased as shown in Figure 1 have beeq excluded. (Note, once
the BLM map is digitized, mined out areas cana]sobecxcludndasweﬂaslwsedamasthatmbarrm)

1 1Leasil:lg hustory is particularly important within the controlled area since there are no current leases
to indicate what a reining company would consider for mining or what may be inciuded in a life of mine plan.
Such leases did exist recently. However, as indicated in Table 1, the DOE purchased these leases as part of

the process of preserving the controlled area.
-
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the Iease approach was used outside thie controlled area due to the lack of sufficient data to draw a more

precise boundary. Figure 8 depicts aimore precise area based on the most current interpretation of what

are cconomically viable potash leases, _Figure 8 is the recommended area for use in the analysis'2,

Becausc of the detail available in'the background information, the area has been divided into sections that

may be mined for langbeinite, sections that may be mined for sylvite, and sections may be mined for both,

The parameters for mining should be as depicted in the following table, based on information in the

NMEBMMR report. _

| Mining Method Mipe layout | Mineheight | Extraction "
Ratio

Langbetnite (4th ore zone) | Conventional Room and pillar 410 § feet 60 percent "

Sylvite (10th ore zane) Coutinuous Long panel 4105 feet | 80 percent "

The area in Figure 8 is based on the “55" and “37.5" contours in the NMBMMR. report.

8
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TABLE 1: HISTORY OF POTASH PROSPECTING AND LEASING ON THE WIPP

All

16: All
I7: All
All
All
18: Al

lots1234
EeWis B4

19: All
Lots 1234
WisEw,
ELwy,,
SEUSEY:
20: All
All
21:All
All

212 SWUSEY,
NWYKSEL

NW.SEY

All

SWOCF -4

SITE

TOWNSHIP 22 SOUTH RANGE 31 EAST

SERIAL NO.

LCO47600(Pot. Per.)
LCO65503(Pot. Per.)
NMO11422(Pot. Per.)
NMO11812(Pot Per)
NMO75014(Pot. Per.)
M-14957-1(Pot. Les.)
LC065504(Pot. Por.)
NMO11813(Pot. Per.)
NMO0%4314(Pot. Per.)
LCO65506(Pot. Per.)

NMO57290(Pot. Per.)

NMO8Z85(Pot. Per.)

NMO2535(Pot. Per.)

NMOE285(Pot. Per.)
NMO384583(Pot. Por)
NMOB285(Pot. Per,)
NM384583(Pot. Per.)

LCO45236 (Pot. Per.)

NMOB285(Fot. Per.)

NMD384584(Pot. Per.)

DATE OF
ACTION

5126/33
37/50
1727/54
121/57
573160
Ar67
1/16/50
477/58
8/1/60
12714754

10/28/59

1856

6/1/67

5/18/56
li/1163
9/18/56
12/1/63

5723732

5/18/56

9/1/63

Q

1.8.07. 31 PA QA TSk : NS

STATUS

Canceled 9/30/36

Cancclcc-[ 5/29/54

Canceled 6/30/54

Expired 11/21/59

Lease issued 7/1/64

DXOE Acquired Leage 3/4/38
Canesled 5/26/52

Expired 4/7/60

Leasc Issued 7/31/64, Leese Relinguished
122272

Expired 12/14/56

Leasc Issued 1/1/64, Lease Relinguished
1272272

Lease Expired 9/18/60

L=ase Terminated 8/31/68

Lease Expired 9/18/60
Lease Expircd 1/9/68
Lease Expired 9/18/60
Leass Expircd 1/9/68

Canceled 622736

Lease Expired 9/18/60

Leased 11/1/67, Lease Acquired by DOE



TABLE 1: HISTORY OF POTASH PROSPECTING AND LEASING ON THE WIPP
SITE
TOWNSHIP 22 SOUTH RANGE 31 EAST (Continued)

' DATE OF
SECTION SERIAL NO. ACTION STATUS
27 NWY% . LC047927(Pot Per.) 5/14/48 Canceled 6/13/51
NWY, NMO0214(Pot. Per.) 10/27/55 Expired 10/27/57
NWY% - NMO08285(Pot. Per.) 9/18/56 Expired 9/18/60
NEY% NMO038266(Pot, Per.) 7/25/59 Expired 7/29/61
27: SW'4 SE% NMO22I(Pot. Per) 4/23/56 Expired 4/23/58
SWY SE% NMOC45331(Pot. Per.) 7/29/59 Expired 7/29/61
]
All NM0384584(Pot. Per.) '9/1/63 Leased 11/1/67, Lease Acquired by DOE
28: All NMO384583(Pot. Per.) 12/1/63 Lezse Expired 1/9/68
29: All NMO384583(Fot Per.) 12/1/63 Expired 11/30/67
30:Lots 1234  NMO38136&(Pot Per.) 7129159 Lease Expired 9/13/61
E%WY,
SEY
Lots 1234  NMO359163(Pot Per) 6/1/63 Expired 531/67
NEY,
ElaWisg,
WASEY
Lots1234  NM2535(Pot. Per) 6/1/67 Lcasc Terminated 8/31/68
NEY,
ElsWis,
WYSEY
. 31:AN LCO45662(Pot. Per.) 10/11/32 Canceled 6/2/36
All 1LC066113(Pot. Per) 1/5/55 Expired 1/5/57
Lots1234  NMO33136(Pot. Per.) 7/29/59 Expired 9/13/61
. ELXWi,
EY (All)
32: All M-14957(Pot. Les) 2/4/67 Lease Acgnired by DOE 3/4/38
10
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TABLE 1: HISTORY OF POTASH FROSPECTING AND LEASING ON THE WIPP

SITE
TOWNSHIP 22 SOUTH RANGE 31 EAST (Continued)
DATE OF
CTION SERIAL NO. ' ACTION STATUS
33: All LC045661(Pot. Per.) 10721732 Canu:lafi 3/23/37
All NMO0359161(Pot. Per) 6/1/63 Expired 531/67
All NM02534(Pot. Per.) 9/1/67 Terminated 8/31/68
Al NM10409(Pot. Per) 211770 Expired 131772
34: NE%, LC047602(Pot. Per.) 5/26733 Canceled 9/30/36
NWK,
NEXSWis
NW,SwWy NM0384584(Pot. Per.) 7 9/1/63 Leased 11/1/67, Leese Acquired by DOE
Pot. Per. = Permit for potash exploration
Pot. Les. = Potash jease
Reference: Abstract No. 29950 and 29989
11
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Preliminary Leass Map
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Figure 3
Langbeinite Reserves Based on NMBMMR.
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Figure 4

Sylvite Reserves Based on NMBMMA.
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Appendix NS11.3 Particle Tracking Study

The 96PA includes an activity in which the sensitivities of the outcomes to input
parameters are estimated. For most parameters this is expedited by the fact that they
consist of values that range in some manner from a low value to a high value, with
associated means and standard deviations. The T-field vector series is not such a
parameter.

The T-field vector series encompasses two subseries, each of 100 distinct ‘maps’ of
hydraulic conductivity over the region within the Culebra that is modeled by
SECOFL2D. These maps are the configurations of hydraulic conductivity that are
used by this groundwater flow program. Series A represents the hydraulic conductivity
configurations as influenced by the ‘full-mining’ case (also referred to as the ‘disturbed
performance’ case). Series B represents the hydraulic conductivity configurations as
influenced by the ‘partial-mining’ case (also referred to as the ‘undisturbed
performance’ case).

Since the subseries represent configurations, it is not a straightforward effort to
incorporate them into the sensitivity analyses. A ranking must somehow be imposed
on each subseries to order the individual configurations. The option favored for this
ranking is the travel time option. In this approach, steady state runs are first performed
of SECOFL2D for both regional and local domains, for all T-fields, as required for the
PA. Particle tracking is then conducted for each model run, and the T-fields are ranked
according to the particle travel times.

These particle tracking runs are performed assuming equivalent porous media flow,
with a constant porosity of 0.16. In the full PA, dual porosity transport is assumed,
and the porosities vary from one realization (and therefore, configuration) to the next.
Therefore, these calculated travel times do not represent expected actual travel times.
In fact, these calculated travel times can differ significantly, by as much as several
orders of magnitude, from expected actual travel times. However, they are appropriate
for calculation of sensitivity parameters relative to darcy fluxes.

These calculated travel times have specific limited purposes, including:
1. Ranking of T-fields for PA sensitivity analyses.

2. Diagnostic tool for review of SECOFL2D results and to aid in iterative
grid/model design.

3. Design tool to aid in auxiliary analyses, such as sidebar calculations (FEPS).

4, Stochastic tool for estimation of dispersion properties.

Purpose #4 necessitated that a spread of particles be tracked for each configuration.

Otherwise, it might have been acceptable (although not perhaps ideal) to merely track
one particle for each configuration, as was done in the 92PA. In that study, the single
particle was released from the center of the waste panel footprint (within the Culebra).
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Particle tracking was done using the TRACKER code. TRACKER develops particle
tracks and travel times by first reading in darcy velocities, gy and gy (m/s), from the
CAMDAT data base for each SECOFL2D run (and its corresponding T-field
configuration). An origin cell is specified for each particle. The thirteen cells that
extend from the west end to the east end of the waste panel footprint, centered at its
midpoint, were selected for these origin locations, as shown in Figure 1. Exit boundaries
are also specified. The exit boundaries used represent the southern, eastern, and western
LWB. Constant time steps of ~ten years were specified for each tracking calculation.
Simulations were run until each particle crossed an exit boundary, or for a simulated
time of ~1e6 years, whichever came first.

For Replicate 1, a total of 2600 individual particles were tracked; thirteen per
configuration, with two subseries of 100 configurations each. In addition, 1300
individual particles were tracked for the no-mining case.

For each configuration the mean and variance of the thirteen travel times were
calculated. For each subseries, a mean and standard deviation (of the configuration
means) of the travel times were calculated. Table APNS11.1 contains the summary
population statistics. Tables APNS11.2, APNS11.3, and APNS11.4 summarize all of
the travel times and the associated statistics for the individual cases.

Table APNS11.1 Summary Statistics for the Three Flow Cases,
each based on a population of 1300 travel times

Case Mean Travel Time | Standard Deviation | Coefficient of Variation
(years) (years)

no-mining 12,577 41,854 3.33

artial-mining 26,911 50,085 1.86

full-mining 70,565 111,090 4.17

The travel time results are summarized graphically in Figures 2 through 4 corresponding
to the three subseries. In those scatterplot figures, travel times are plotted along the y
axis and rankings along the x axis. The configurations are ordered according to
magnitude of mean travel time. For each configuration all thirteen travel times are
shown (see legend), as well as the mean travel time.

As can be seen, both mining subseries show a total range of travel times covering at least
two orders of magnitude. Spreads of travel times for individual configurations can
range from relatively narrow (<1 order of magnitude) to relatively large (1 order of
magnitude <= spread <=2 orders of magnitude). Generally the full mining subseries has
a greater range of travel times for any configuration that the other subseries. The no-
mining series has the narrowest range of travel times. Examination of the travel path
figures shows a correspondingly greater range in flow directions for the full mining case
than for the partial mining case.
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c\data\paramete\minp_facwirtimes\virgind.xls

Figure 2. Scatter Plot of Travel Times for No-Mining Case, Replicate 1
100 SecoFI2D steady state runs, 13 particle tracks per run
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c¢\data\paramete\minp_fac\pmtimes\parmin3.xis

Figure 3. Scatter Plot of Travel Times for Partial Mining Case, Replicate 1

100 SecoFI2D steady state runs, 13 particle tracks per run
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c\data\paramete\minp_fac\fmtimes\fulmin3.xls

Figure 4. Scatter Plot of Travel Times for Full Mining Case, Replicate 1
100 SecoFI2D steady state runs, 13 particle tracks per run
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Figure 5 shows the total distributions of travel times for the three cases. Some trends are
immediately apparent. First, there appears to be a lower limit to the travel time ranges,
of about 2,000 years. This limit seems to hold for all cases. Possibly this time reflects a
minimum length of Culebra, unaffected in all cases by mining, through which the
particles must first pass before they reach zones of higher conductivity, given the current
range of trajectories.

The second trend is an apparent trimodality of the results. This is believed to be a result
of three distinct preferential flow domains, that persist through a majority of the K
realizations. The apparent mode, associated with the travel times in the 25,000 year
range, is possibly associated with flow paths that lie slightly west of the original ‘high T°
zone. They go in the same general direction of that zone but lie in a lower-K region to
the west. They are prevented from an even more westerly path by an extremely low K
band that lies in that direction. The 200,000 year travel time grouping is probably
associated with particles that actually penetrate through that low-K zone and exit via the
western LWB. The 5,500 year travel time grouping is likely associated with particles
that approach or reach the high-T zone. Their paths are likely similar to the 20,000 year
group, except slightly to the east.

To confirm this, one would have to examine the bulk of the 3,900 particle track plots.
Therefore, these conjectures should not be relied upon as a definitive interpretation at
this time.
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c\data\sidebar\ns7\travel times\parnocon.xls

Figure 5. Frequency of Travel Times, 3 Cases, 1300 sampled vectors each
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Table APNS11.2

mgw, rib, 10-13-96 Travel Times (years) of 13 Particles from a Constant Line of Release Poinis No Mining Effects
ling is E-W, penetrating midpoint of wasie panel area. | | file is Microsoft Excel

Spring/96 release points are equally spaced along this line. constant porosity = 0.16 Wallace PG |

grasp] rep #1 exit boundary is the LWB. data sorted by mean travel time C:\data\paramete\minp_facwirimesiirgind.xis

t-field| coca | new PARTICLE NUMBER

index| run# |rank|  #1 #2 #3 #4 #5 #86 #7 #8 #9 #10 #11 #12 #13 mean : siddev var _|
40 30 1 2507 1778 1626 1974 1980 1787 1692 1660 1733 2256 3131 5007 6781 2608 1560( 2.43E+06
80 86 2 3e61 4088 2681 2456 2398 2380 2459 2751 2849 2624 2728 3042 3454 2013 574 | 3.30E+05
16 E 3007 3162 3708 2937 2922 2513 2180 2900 3128 3112 3264 3083 2988 2993 361( 1.30E+05
17 55 4 3644 2861 2507 2329 2484 2798 2735 2554 2415 2215 2069 5355 7035 3154 1445 2.09E+06
44 12 5 2839 2630 2351 2538 4722 3549 2795 2437 2320 2449 3020 3834 6654 3242 12411 1. 54E+06
25 49§ 4658 4620 4405 4310 4310 3903 3676 3803 3581 3422 3048 2627 2380 3762 740] 5.47E+05
] 3 7 5133 5038 4658 3812 4341 4500 4151 3612 3327 3284 2909 2827 2684 3851 841] 7.07E+05
87 3] 8 4215 3486 3644 3898 5577 4658 4215 3644 3644 3834 3898 4585 4595 4146 587| 3.45E+05
3 89| 9 8052 4943 4626 4975 4848 4828 4468 4310 4278 3929 3803 3812 3359 4449 704| 4.95E+05
3 66| 10 8049 5260 3929 4024 4585 4468 4278 4119 4088 4151 4056 3708 3454 4475 1159! 1.34E+06
38 24 1 5767 8116 6750 5654 4912 4405 3961 3612 3486 3422 33z7 3099 3359 4528 1354] 1.83E+06
58 s8] 12 6813 5484 5831 6559 5387 4341 4183 4056 3771 3327 2985 2621 2614 4535 1517 | 2.30E+06
71 5| 13 3961 3200 3093 3961 4500 4753 4722 4373 5767 5419 5252 5165 5165 4636 729| 5.31E+05
19 63] 14 3612 3612 3391 3169 3232 3143 3064 3166 3803 8433 6686 6559 11123 4692 2389| 5.71E406
91 78] 1% 6211 6116 4722 5070 5165 4722 4088 5229 3708 4151 4405 4436 4373 4800 748| 5.60E+05
45 57 15 3159 3038 4183 4753 56840 5736 6211 5767 5894 5165 4373 4405 4753 4853 1012] 1.02E+06
96 45] 17 4690 4812 6229 4975 5260 5387 E577 5260 7130 5799 3834 2732 2570 4873 1230[ 1.51E+08
63 28] 18 8570 9475 7130 6306 5038 4595 3200 3296 3644 3929 2915 2846 3115 5005 230g| 5.75E+06
38 87| 19 7542 7225 6116 4595 3676 3929 5450 5894 4722 4310 4785 4436 3232 5070 1313[ 1.73E+06
7 93] 20 8556 7605 617¢ 5419 4785 4246 4405 5889 4690 4183 3866 3517 3264 5131 1581{ 2.50E +06
86 3 21 3644 2659 2367 4785 5640 6243 5957 5798 6052 6464 7352 7542 3169 5206 1729 2.99E+06,
76 9] 22 6591 10204 7542 5640 4373 4119 4151 4183 4405 4848 4310 3866 3739 5228 1873| 3.51E+06
48 34] 23 4531 3051 3644 3422 3644 3834 4151 4468 3739 4563 7985] 10489 9823 5250 2468 6.09E+06
64| 10D} 24 4531 396% 3644 3422 3644 3834 4153 4468 3739 4563 7085 10489 8823 5250 2468| 5.09E+08
30 42| 25| 4056 3929 3676 4183 4626 4436 4626 5292 7605 7669 6084 6456 8781 5343 1417 2.01E+06
32 58] 26 3486 3549 3961 4151 4690 5324 5133 4848 4848 6876 5926 7859 9126 5387 1690 2.86E+06
81 38| 27 8556 8080 5419 5229 5482 5229 §102 6704 4563 4151 3834 4056 4753 5397 1424) 2.03E+06
83 82| 28 3137 2855 2510 2437 3200 4658 4373 8841 B804 8366 9158 7637 5355 5495 2694| 7.26E+06
59 77| 28 4373 4373 8746 5831 3644 4024 5704 8397 7225 6147 3676 3121 6781 5542 1854| 3.44E+06
45 111 30 6179 §887 5450 5165 4975 5038 5102 5070 5038 5419 5640 5324 5165 5650 1315] 1.73E+06
21 38] 3 5419 5026 4690 4812 4722 5038 8116 6718 6306 6084 5089 6021 B274 5709 671] 4.50E+05
[A 4 32 7257 7510 5840 6623 6401 6084 8401 8813 5862 5007 4531 4310 3517 5943 1234| 1.52E+06
68 67 33 57939 5577 5482 5419 5355 5260 5229 5229 5450 6211 7035 7320 8524 5991 1021| 1.04E+06
az 45| 34 7003 6845 6718 6496 6243 6052 5862 5736 5862 7573 5450 4753 4500 6084 873| 7.62E+05
28 80| 35 9728 8144 6940 6971 6940 6243 6686 4943 4943 4880 4753 4753 4880 6216 1554 | 2.42E+06)
&7 37| 38 5450 4088 3581 3644 4183 6052 5324 5038 4650 3803 3803 18854] 14545 6389 4723| 2.23E+07
14 18] 37 6813 54584 6623 6908 72567 7288 7066 6369 6052 5894 5926 5894 5704 6481 556| 3.09E+05
49 16] 38 4658 4024 4024 3983 4183 4500 5640 6908 9508 11851 B176 8176 9031 8513 2613 6.83E+08
23 20] 39 5355 7510 5084 5736 5609 5450 5324 5070 7098 6118 5337 8080l 13721 6657 2318 5.37E+06
4 79 40 4B80 5324 7827 8239 7288 7066 7478 6845 6971 7890 6908 6338 6338 6876 972] 9.45E+05
90 88| 41 9126 B8B0Y 8334 7858 7669 7573 7447 7732 8179 5387 4658 4248 4753 6906 1661| 2.76E+06
35 19| 42 85809 8587 8239 8397 8619 8778 8271 6781 6084 6116 4912 4436 3834 7066 1808 3.27E+06
33 33| 43 9918 19742 9823 9665 7288 6084 5767 5450 4658 3993 3676 3771 3898 7210 4433} 1.57E+07
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Table APNS11.2

Imgw, rib, 10-13-96 Travel Times {years) of 13 Particles from a Constant Line of Release Points |No Mining Effects
line is E-W, penetrating midpoint of waste panel area. T ] [file is Micrasoft Excel
spring/96 release points are equally spaced along this line. constant porosity = 0.16 |Wallace PC |
graspq{ rep #1 axit boundary is the LWB. data sorted by mean travel time Cdataiparameteiminp_facwvirtimes\virgind.ds
theld] cca | new PARTICLE NUMEER I T
index| run # | rank #1 #2 #3 #4 #5 w6 | #7 #8 #9 #10 #1 #12 #13 mean | std dev var
57 32| 44| 14070 7827 7383 6845 6908 6876 7035 6528 6274 6052 £243 6496 5419 7227 2144| 4.60E+06
6 7| 46 7837 5926 5355 5133 4975 5133] 17714 6876 6211 6147 7257 7700 8302 7274 3330] 1.11E+07
89 99| 48! 11249 8176 da71 17904 8334 73571 5052 5545 5799 5577 5102 4563 3866 7415 3694( 1.36E+07
12 84| 47 6243 6750 6559 6750 7225 8999 10647 8999 7922 7795 8274 6147 6559 7452 1370] 1.88E+06
72 76| 48 6940 6464 6179 5831 5577 5862 6243 6369 6147 5089 8433] 13721 18696 7727 3914] 1.53E+07
26 14] 49  10235] 10847 7352 7162 7320 8004] 11915] 10647 823g 6401 5324 4075 5133 8020 2307] 5.32E+06
43 91| 50 6623 6813 7510 8556 2619 8176 7985 7085 8080 8524 9031 10679 9633 8324 1084| 1.17E+06
34 85| 51 8651 13499 1000000 1000000 31308 8144 7415 7193 6591 6654 6654 6845 7003| 162304 7682| 1.3BE+11
o8 73] 52 8366 7573 7193 8112 880%  10330] 10806 9728 8873 8112 8049 7605 7985 8580 1088| 1.21E+06
52 83| 53 8239 5063 8334 6971 6623 7035 7859 a2aq 9316 9665 10140] 10172 10606 8726 1338| 1.75E+06
84 2| 54 8334 5704 7257 8714 8271 7795 7510 8080| 10140 8746 8144] 12844 13245 8814 2090] 4.37E+06
41 10| 5§ 5736 6464 7510 7447 7288 8271 8841 8778 8714 0570] 14925] 10932] 11503 8921 2427| 5.89E+06
75 15] 58 3517 2503 2456 2789  17302]  14672]  18414] 11851 9728 9158 8619 8619 8683 8978 5113] 2.61E+07
65 69| 57| 14513 7415 B591 8144 8366) 12422 7225| 6211 6211 6508] 12168 11830 9760 9043 2771] 7 BBE+06
58 50 58] 15179] 15020 13834] 12263 6433 5767 6528 B366 9253 7764 6369 5767 5514 9063 3661| 1.34E+07
66 53| 58] 17175] 16002] 15886 9158 8619 7510 6940 6179 5514 5640 G021 6940 7415 9138 4223 1,78E+07
5 68| &0 7447 7320 7320 8397 9538 g3a0 9063 9380]  10520] 10013] 105B4] 10711 10235 9224 1247| 1.55E+08
8 41 & 6179 7985 9190]  1i728] 15052 9380 9285 9221 9253 9190 9158 8904 8461 9460 2062| 4.25E406
78 75| 62 9031 8968 9633 9190 8509 8936 a714 8556 9348 11788 10204 9665, 10964 9538 940| 8.83E+05
10 47] 63| 10235] 10299] 10109 5736 4531 7035]  17017| 14038] 12707] 10806 8334 8080 6718 9665 3492( 1.22E+07
54 B| 64 6845 8239 9785 10235  10806| 10235  10100] 10488 10362 9665 8475 9918| 10267 9687 1076| 1.16E+06
15 20| 65 10330] 10670] 11503  11248] 10362] 10013] 10172] 10489 9728 9316 9031 §207 7193 9867 1195] 1.43E+06
51 70| e[ 11154] 16351 20629 18411 14735] 10742~ 10235 7003 5831 4436 3771 3644 3548) 10038 5962| 3.55E+07
53 40| 67 8971 6084 5609 5102 4563 3898] 3581 5070] 10m86]  12073]  12844]  19615]  avroe] 10301 9449] 8.93E+07
2 2| es| 11123 9950 9411 9063 8873 8841 8873 9004 o506] 1032 12675] 1s8o0]  23386] 11388 4246( 1.80E+07
27 35| 69| 14418 10806 9633] 10045 11566] 11756] 11059 110% 12070  11946] 11471 11313 11154] 11405 1138] 1.29E+06
95 7] 7o) 12232  110:1 10837]  11313]  11820]  11408] 110598 11091 11946 17460 13e58| 11883 10394| 12015 1825 3.33E+06
B85 as| 71 25921 20217 17207 15749] 12041 14767 6845 5926 6243 9094 8873 8904] 10457 12480 6013] 3.62E407
94 92| 72[ 19425] 16414] 12580] 10330 11534] 13118]  12834] 12644 12548] 12105  11123] 10847 10M13] 12717 2590| 6.71E+08
92 23] 73 7162 8147 5559 6591 7288] 10267 16318  18963] 19773] 19330] 16890] 17428] 15147 12990 5690| 5.24E+07
20 54| 74| 18474] 1BBBG|  16284] 16605 14640] 11001 8036 8651 9855 11281 11566] 11281 11344] 13146 3737 1.40E+07
100 a0 75| 10261 9541 9885 10596] 10890 10939 13435 16429 18659] 17849 14366 13558] 14939] 13181 3110[ 9.67E+06
e 8| 76| 23106] 23449] 18759 12807] 10013 7700 6369 6496 BO17 7383  17017] 14228] 17565 13314 6212[ 3.B6E+07
61 61| 77| 20122] 19425 18696] 14481 11188  11154] 11154] 11313] 11820] 11725 17058] 10552 10552 13326 3617! 1.31E+07]
37 97| 78] 28139 19837] 10615] 28614] 14418 10209 8587 7890 7383 7732 8080 B176 8036] 13670 7831( 6.13E+07]
22 22| 79] 23481 22403 2i706] 19361 16256  12834| 11249 9082 g158 8683 7985 7985 8099 13853 5969 | 3.56E+07
29 26| Bo| 11851 16961 22625| 18633| 10235 10425 9348] 14798 24970 27474 64096 5971 12517] 14808 6805| 4.63E+07
16 gol 81| 20471 152i0] 16288 14608 14418 13879 14291 16383]  134D4] 15871 14957] 13911 13372] 15186 1888, 3.56E+08)
60 62| 82| 18538] 18758] 19647| 18094] 16573] 15007| 15464 15274] 15400/ 15337] 14365 14038] 14513 16300 1855| 3.44E+08
56 74 83| 17460 36441 22504| 15305]  13277] 12485] 12041 11820 12105 12168 9190 14957 22625 18344 7283 5.30E+07
| 42 44| Ba] 36758] 27315] 22182 18696) 16478] 15495] 14101 133720 13911 8411 7605 BS56|  12612] 16853 8139| 6.63E+07
11 64| 85| 11154 18886] 18664] 18442] 22910 26301 18284] 11503] 11661 11503] 19393] 15844]  18541] 17007| 4672| 2 i8E+07
70 52|  86] 25458 24019] 24012]  26349] 17119 14201 14710 15785 15965 14645] 15039] 17657 11156| 18163 4995| 2 50E+07
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Table APNS11.2

mgw, rib, 10-13-96 Travel Times (years) of 13 Particles from a Constant Line of Release Points No Mining Effects
} line is E-W, penetrating midpoint of waste panel area. ! ! file is Microsoft Excel
spring/96 release points are equally spaced along this line. constant porosity = 0.16 Wallace PC F
grasp{ rep #1 exit boundary is the LWB. data sorted by mean travel time C:\data\paramete\minp_facwirdimestvirging.xls
t-field| ecca | new PARTICLE NUMBER
index| run# | rank #1 #2 #3 #4 #5 #6 #7 #3 #9 #10 #11 #12 #13 mean std dev var
36 1 ar 7542 8049 8746 11408 13626 15464 22689 25129 30958 24748 255641 26333 24939 18859 8237] 6.78E+07
1 36 88 22689 18854 16763 15871 15337 14577 13436 16351 20471 22308 2230 24558 25667 19222 4102] 1.68E+07
73 88| 89 39927 30059 23544 23417 19615 17397 16668 18601 17804 12168 9697 9792 10299 15222 8778| 7.70E+07
79 18] 80 67496 27981 24875 19266 16668 14260 14006 13246 13151 12517 12137 10362 5781 19442 15540| 2. 41E+08
47 72 9 20312 12739 11313 89538 10109 19456 28202 38976 3549 33580 32056 30737 30135 24120 10619] 1.13E+08
74 51 92 22435 21675 21770 30642 34857 2B963 28773 28868 28393 24527 20629 19330 199495 25450 4894 2.38E+07
55 81 93 38026 27695 79220 75735 22910 18379 23576 17080 15654 15464 8049 4626 3771 26937 24301| 5.91E+08
88 27| 54 24970 2a784 28614 38976 29407 26206 20375 25889 24178 23988 27664 36124 28107 27483 5151| 2.65E+07
50 25/ 95 21886 27917 30357 20692 28519 27188 R7720 28773 29185 29723 31276 39293 38927 30118 4777| 2.28E+07
a3 48| 96 25794 25002 25350 33272 23354 27505 38976 44046 51968 34857 3M67 28138 26301 31903 8561| 7.33E+07
24 96| 97 38343 41828 49750 32956 31688 26269 28808 287456 27822 33272 37392 46581 46898 35873 8307| 6.90E+07
a7 95 98 3834 3803 3739 3708 3644 3612 3708 4722 23449 5926 4912 4278| 462648 40922 126826] 1.61E+10
77 71 99 40878 35174 32639 333906 36441 411585 43096 47215 48800 46265 43413 43413 43096 41195 5181| 2.68E+07
13 94! 100 37075 27474 29026 32639 40244 96649 40561 32005 34540 79837 B7179 24463 14450 42757 23700| 5.62E+08
summary mean, std. dev.: 126577| 3964.428
coefficient of variation 0.315212
mean of total population 12577
std. dev. of tot. pop. 41854.35
skewness of tot. pop. 21.23466
coeff. of variation of tot. pop. 3.32784
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Table APNS11.3

mgw, rib, 10-15-86 Travel Times (years) of 13 Particles. from a Constant Line of Release Points. [ Partial Mining Case ]
line is E-W, penetrating midpoint of waste panel area. constant porosity = 0.18 file is Microsoft Excel
release points are equally spaced along this line. [ ] Wallace PC |

graspfinv | rep1 exit boundary is the LWB. data sorted by mean travel time Cidata\parame\minp_fac\pmtimesh.parmind.xs

original | original | new PARTICLE NUMBER

T-field # |cca run # rank #1 #2 #3 #4 #5 #6 #7 #3 #9 #10 #11 #12 #13 mean | std dev var
3 66 1 4722] 5185 6654| 4215 3422] 3422 3232] 3017 2986] 2988|2855  P26B1 2659] 3692 1187 1.41E+06
40 30 2] 4753] 35489| 2808 3186 3029] 3150 2836 2630 2545 2861 3961 5514  7732] 3803 1471] 2.16E+08
30 42 3 2389 2199 2101 2478 2773 377 3866 4436 5736 6338 5229 4975 5102 3953 1462| 2.14E+06
64 100 4 7575 5167 4043 3596 3708 3778 3805 4195 3510 3740 4460 6018 5647, 4557 1217| 1.48E+06
48 a4 5 77951 5220, 4056| 3612] 3676] 3771 3803 4151 3581 3739] 4436| 5089 5736 4583 1267| 1.61E+06
a7 37 6 7827] 7985 7858 s5102| 4658) 4500] 4468] 4531 4215 3391 2361 3391 4373 4974 1805 3.26E+06
9 Kl 7 65280 6401 5482] 4912| 4278 7003 6876/ 6558 5577 3866] 3140 3020 2788 SN 1547| 2.30E+06
38 24 8| 7985! 7415 6591 72571  5577] 5102]  4785] 4626 4595 4341 3486 3327 3738] 5294 1556 2.42E+06
32 58 gl 3131 3486) 3834 3803 4024] 4595 4215] 3866 4785 7003] 7764 9411 11089] 5460) 2529| 6.39E+06
62 4 10| 5862] 6052] 6274 &750] 800B] 5450 4753] 4943 5957] 5767 4943| 40568 3517 5480 1002| 1.00E+06
19 83 11 7542 7267 6654 5989 5482 4975 4373 4088 3834 4119 4531 5229 7732 5523 1385| 1.92E+06
86 3 12 5401 s292] 3771 3454  5767| 6464 6147 5894 8211 6433] 6654| 7066 3929 5653 1188 1.41E+06
71 5 13|  5433] 4278] 4278] 4563 5007] 4753 5133  4m43 G338 6718 7162| 7035 7193 5679 1145 1.31E+06

2 39 14] 8207 7954| 6854 5450 5260 5545 5450 5514] 5894 5799| 5862 6052 5926] @121 40| 8.863E+05

45 57 15 5894, 3866 4088 4246 3061 3961 4088 5640| 13974] 11218] 7383] 5767 &5704] 6138] 3109] 9.67E+06
44 12 16| 8049 7098| 6147 5767 8sss| 7890 5831 4975 4658 4658] 51685 5545 6464 6216 1316| 1.73E+06
63 28 17 10489; 10394 9094 6718 5450 4341 4341 4722 5482 5989 4531| 5102 4310 6228 2280| 5.20E+086
16 59 18] 6401 6116 6433] 6750 6654| 6433 4043 4943 5862 £591 7066 6591 6369 6243 645 4.17E+05
a1 78 19| 5419] 5197 53B7] 5894 5894| 5038 6116 8397 5419 6686| 7352 7732  7573] @316 1114| 1.24E+06
17 55 20 0538 9348] 9823 6781 5433] 6813 6686] 6401 6179] 5862] 3708| 2789] 4373] 6518]  2145] 4.60E+D6
43 o1 21 9316 7288] 5989 4785 4658 47221 4785 4975 5640 7415 7288 9158] 11786] 6752] 2220 4.97E+06
28 80 22| g7e2| 9506 9094| 8873 8461 9285 9506| 4373| 4248] 4468] 4658 4405] 4500 7013  24900] 6.25E+06
48 1 23 7985 14481 7225 6623 6306 6116 6116 6084 6021 6433 B496 5989 5799 7052 2309| 5.33E+06
7 93 24) 7669] 8o04| 9728 11281 8760 B8714] e116] 7098] 6147 5324| 4848{ 4215 3644 7188  2379( 5.66E+06
67 43 251 13467 8207 6845] 65590 7795| 75420 emm4| 6243 6528 6591 5957 6369 5704] 7268 1995( 3.98F+06
89 99 26) 10299 0506 7890 7098] 5514 5324] 8052] 5894 7035] 7352 @sse| B243]  7954] 7286 1530! 2.34E+06
96 45 27| 9475 10204] 7764] 7764] €274 5609 6116] 7795 747g] 7542 BgoB| 9882] 3812|7425 1825] 3.33E+06
3 88| 28] 10520/ 8809 7858 8017] 7795 7510 7003|6781 6750 6876 8008 6750] 6750 7564 1098] 1.21E+06
4 79| 29] 7035 6496| 8745| 09633] 7922| 7288 7573] 66231 6528 8i76| 7795/ 7510 8207 7656 913] B.33E+05
[ 67| 30| 7859 7573] 7890 77es| 7637]  7542| 7573| 7320|7859 9316| 9094] 8746] 7288 7961 661] 4.36E+05
a5 19 31 10172 o728] 8099 @&23g| 7795] 8112 7922l  7oas| 8144| 8587 7732]  722s! 5989 8202 1056| 1.11E+06
97 g5 32 8021 5926| 5389] 602% 5736] s5418] 5387 7383] 44680| 11281 4373  5857| 5000 9167 10801[ 1.17E+08
49 18| 33 7689 7130 7066] 6845 7035 8017 B999] 12200] 11408] 19076] 12739| 11866] 11439 10091 3501 [ 1.23E+07
5 7] 34] 15274 16890] 10489] 8841 0633 8144] 7447 7130] 7352 7732] 11851] 11471 10109] 10182 3062 9.38E+06
12 84 a5 9158] 10711 12168 13436] 12580| 10932 11281 9950 9190] §5568) 9348 9665 11344 10640 1490 2.22E+06
33 a3 3681 16826| 20375 17302] 17080 13911| 1i1186] 9950 8651 7130] 6147] s514] 5202 5324 11130 5376/ 2.80E+07
81 38 37| 16383| 23671 16890 14291 9782 B963 8461 14228 7193 6845 6211 6084 7510 11271 5382] 2.90E+07
1 64 38] 5419 7447 7827|7383 6940| 6813  8§334] 10013] 11851 15274| 16731] 24653] 23037 11671 6366 4.05E+07
72 76| 39] 10616 10425 10208  9os2| 10520 12865 14133 15084] 13878 1a3721| 10140 10679] 14798) 12088 1996 3.98E+06
52 83 40| 12960 13309 13119 10711 8316 9253 9697 10140 11534 14038 14672 14545] 14735] 12156 2125| 4.52E+06
4 10 A1 12041 10013] 11218] 10235] 10742{ 11725] 12032] 12580 13214 15827 14577 13277] 13878] 12405 1666| 2.78E+06
68 50 42| 14008 14672] 17397 20027] 18188 10172] 9411] 10901] 12992] 12612 9475| 8302] 7795 12785] 3934 1.55E+07
26 14 43| 19837 1B189] 17143] 16224] 12707] 13816| 16858 19140] 14545] 10520] 7850] &6147| 5545 137331 4874] 2.38E+07
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Table APNS11.3

oniginal | original | new PARTICLE NUMBER
T-ield # |eca run 8 rank [l #2 #3 #4 #5 #6 #7 #8 #9 #10 #11 #12 #13 mean : std dev var

39 87 44| 25414 24622| 22065 18189 14228| 10647 11218! 12770 103894 8397 7383 7098 6211 13740 6719| 4.51E+07
57 32 45| 22657 1B157| 23513) 14418| 13024| 12612 13689 11438 10457 9665 9168 10013] 10299 13777 4797| 2.30E+Q7
23 20 46| 39293 8271 7827 6940 7478 7320 7573 7858 13341 18066 17460| 19203| 21263 13838 9232| 8.52E+07
5 68 47| 14640 13467| 11439 10077 10806] 11058 11281 11915  14165) 15115 16351] 18696] 21738 13904 3438| 1.18E+07
82 46 48| 22784 220551 21199 18031 15147 14133| 13309 12327| 10742 9475 8714 8904 B8112| 14226 5274| 2.78E+07
58 56 49/ 19615 18601 18031 17565, 29218) 13594] 12517) 11820 10077 8873 9031 9004 90683 14391 6007| 3.61E+07
51 70 60i 18728) 20154| 25604| 20755| 24590 18795 120H 11376 9443 6211 5197 4912 4785| 14584 8640| 7.46E+07
58 77 51| 40878] 12887 20502 15527 10996 10774 13119 17682 15591 13409 98565 7764 5767| 14088 B8737) 7.63E+07
53 40 52| 26333| 25699 17175 14735) 12992 10298 B461 7003 8411 12105 12992| 18795 21104| 15008 62231 3.87E+07
76 9 53| 15484 17238| 209680 21485] 14608 12897| 12802 12802 13151 14323| 12739| 11376] 10489 15310 5145| 2.65E+07
93 82 54 15781 13087 10394| 11439 10806 14165) 13055 21136| 203751 18506| 16383| 19013 19140| 15837 3752| 1.41E+07
78 75 55| 17650| 15907| 15274| 156221 14767 14862| 16256 17460 20566] 15020 13309] 13499 14481 15744 1940| 3.76E+DB
15 29 56| 26111 20014| 19425 19330! 17809| 18541 16098 13911 13499| 13753| 14006 14070 13151 16817 3825 1.46E+07
B84 21 57 9760 13119| 138626 12205; 12137| 14006 14228| 14735) 15654| 18379 22974 32005; 34223] 17472 7663| 5.87E+07
54 i} B8 13372| 16098) 15686 16193] 18318 17872| 19235/ 23132| 20566| 18728| 18347 17809) 17397 17004 2401( 5.76E+06
8 41 59| 10362 8429 6591 5831 8366| 14608 22087 21485 17619| 22182 37075 30896] 29375 18070/ 10159 1.03E+08
10 47 60| 30009 27093| 20407 13277 23196 8144| 134B7| 47215| 25572 18633] 10299 7035 5577 19225) 11638| 1.35E+08
18 B0 61| 38026 23227 23798 20471 17687 15147 15084 15400| 16478| (7587 16763 15876] 15274, 19288 6365 4.05E+D7
i4 13 62| 28773 25953 23829 18728| 17524 17397 15484| 155589 17112 174927 180620 18442| 18284 19432 4097 1.68E+07
75 15 63 8683 5864 4943 4468 19013] 40244| 36124| 34223) 22467 21263| 159298 18189| 17904 19439 114832] 1.40E+08
100 80 64 19171 17840 16668, 17682 178727 17650 20217| 21518 22042 21675 22277 22277| 23449) 200985 2377| 5.65E+06
70 52 65| 31688 26871 25382 36441 28361 18474 15527 14196 13584 13584 12897 11693 13943 20205 8400| 7.06E+07
27 35 66| 23798 21041 42145 20217 19742 19552 19773 17524 17587 17989 17302 16636 16288| 20739 6755| 4.56E+07
94 92 67| 36758| 32639 443631 25065| 17175| 15654| 15020 14545 14450 13848| 12802) 13372 18157 21085 10385| 1.08E+08
36 1 68| 15686| 21738 14070| 13065| 14355| 14862| 17887 26477 25636 36441 29090 31435| 28044 22113 77683| 6.01E+07
37 97 69| 66545 51335 46581 32056[ 21389| 14608 12010f 10932 10647 10869 11123 11123] 11378] 23961 19146| 3.67E+08
1 36 700 AM511| 35491] 20977| 27347 25255| 23893 16098| 15781 16795] 17387 18361, 21516 22815 24086 7862| 6.18E+07
66 53 71| 44363 80488 48800 25541 15971 13626| 16446| 13753| 13531 11588 10108 9665 93801 24098| 21277| 4.53E+08
98 73 72| 46265) 35174 320568 23766) 22815] 25636 26618| 23798 21283 19393 17555 17777 16256 25329 8455| 7.15E+07
90 98 73] 35491 35174 34540| 34857 35491 35491 36124 28931 20502 15971 13214 13911 12422| 27086| 10109] 1.02E+08
95 17 74| 6B763| 46265 20818 27474 27283 25636| 23069 20375 18252f 19552 20661 20344| 19963 28266 14230 2.02E+08
a2 23 75| 26623 21960 20882 18347 174860 18847 27283| 45948| 40244 39927| 33906 30737 373g2| 29251 9524| 9.07E+07
73 88 76| 57672/ 51018| 4B8166| 45248 44363) 36758 33906| 23006 16605 10267 7985 B176 6528 30031 18683 3.49E+08
2 2 77| 63693| 59257| 50067 34540| 253500 22974 21104 21389 20059 19456| 20502 22277 26364 31310) 15784| 2.49E+08
74 51 78| 35491 32056 32005 335889| 34857 28456, 27347 27569 30198 40244| 45948] 40878| 33272 34062 5542| 3.07E+07
29 26 79| 36124 42145 52285) 51018] 30167 46265 21104 26174) 42145| 49117| 14481 10964| 21801 34138| 14267| 2.04E+08
88 27 80| 71932 45314| 48483 39927 32322] 277 21485 23766 24241 24273 28678 39927| 28514| 35145 14078| 1.98E+08
61 61 81| 42779| 40878 38976! 37302 37075| 36124 35174 34540 34857 34540| 32322 29565 27727 35535 4169| 1.74E+407
99 8 82| 155589| 1001341 34857 311811 31308) 16605 12612 12802{ 19140 11503] 14925 15210 14988| 36219 42938| 1.84E409
56 74 83| 67179 443563 44997 43413] 92846) 24305| 22815 22243| 20692 19678; 18094 20185 33906 36514| 22328| 4.99E+08
65 69 84| BO17I| 52285 37382 24807 21199 15581 15559 19520! J31148] 32005/ 55454) 61168] 49433 38140) 20079| 4.03E+08
a3 48 85| 44897 41828| 3B976| 36124, 32639 28741 34857 61158, 86182 497501 38343| 33272| 2Z8773| 42742 15823| 2.50E+08
42 44 86| 121365| B36857] 70981| 56405| 44046| 49117 32322| 28364| 22340 23798| 16921 16288] 17904 44731| 31578| 9.97E+08
20 54 87| 53236 653553| T9854| 76685| 173968 43413| 21389 19095 22942] 20724| 11978| 14070) 12739 46503 45011 2.03E+09
24 96 88| 58940| 62426| 73833| 472151 45631) 36124 35808| 36124| 37709 42462 45314 51652| 59574 48678 11962 1.43E+08
80 B6 89| 02846 69714 53236 48800 50067| 52602 58623 63870 6HO701| 47215] 46898 48800 50087 556849 12705| 1.61E+08
55 B1 90| B83973| 70664 123584 142280 94431 48800{ 50701 39927 35491 23417| 13499 7922 B6308) 57000| 43666 1.91E+09
79 18 91| 207874 216113| 87776 51335 34857] 31118| 235441 20502 20882 19900] 20438 21199 19583 59625 70285| 4.94E+09
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Table APNS11.3

PARTICLE NUMBER

original | original § new
T-field # |cca run # rank #1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11 #12 #13 mean : std dev var
50 25 92| 109324| 66545 62109 60207 B0524| 55771] 57672| 65584 53238| 51335 60067 56454| 66545 62645 15075 2.27E+08
47 72 93| 82389| 66862 43006| 32322| 21770 725660 61158 91579| 91262 77002| 68125 62109] 59257| 63808| 21149] 4.47E+08
34 65 94| 47532) 42145 112810 570386[ 1000000| 285755 20597| 24580 19013 17840| 17904) 22530| 17048| 149386| 296801] 8.80E+10
85 85 95| 261744| 221817 225619 127069 69080| 69080 32005 14038 9728 8556 7700 7225 B461) B1702| 05351 9.00E+09
77 7 96| 127069) 109007 95064 91262 96649 100451 104254| 110275| 128971 129921| 115662 129604| 127386] 112738| 14569( 2.12E+08
60 62 97| 154955| 152103| 155589 141863 114394| 109007| 94114} 04431| 101085] 103620| 104888 99184| 5£0880] 114248) 28793 8.29E+08
25 49 98| 160025] 104571 121048| 147033 196783| 167313| 154321 107106 B5875| 79884| 67813] 60841 61475| 116466] 45012( 2.03E+09
22 22 99| 78903] 78586 96332 120098 123584| 141329 220549 198051| 179038| 185729} 159708 16097h| 487997] 170068 105000( 1.10E+10
13 94| 100| 389763 284550| 190445| 178087 166046| 241453| 270933| 160975| 166362 323218 263011| 128654 80171 218745 85793| 7.36E+09
summary mean, stcT. dev.. 26911.3| 3683.27
coefficient of variation 0.13724
mean of total population 26911
std. dev. of tot. pop. 50085.6
skewness of tol. pop. 8.8429
coeff. of variation of tot. pop. | 1.86113
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Table APNS11.4

mgw, rib, 10-15-96

Travel Times (years) of 13 Patticles from a Constant Line of Release Points.

Full Mining Case

line is E-W, penetrating midpoint of waste panel area. | constant porosity = 0.16

file is Microsoft Excel

release points are equally spaced along this line. | [

|

_|Wallace PC

grasp.finv| rep 1 axit boundary is the LWB. data sorted by mean travel time |Ci\data\parame'\minp_fac\fmtimes\ fulmind.ds

ariginal | otiginal | new PARTICLE NUMBER

T-field# |ccarun #] rank [ #1 #2 #3 #4 #5 #8 #7 #8 #9 #10 #11 #12 #13 mean _ std dev var
69 67 1| 5989  4m2] 4d05] 4av] 4183 4119]  agel 3708] 3301 3264] 2079 2868[ 2690 3903 913] B.33E+05
17 55 2 6528 4880 3898 3486 3898 4595 4436 4024 3739 3359 2332 2516 3549 3042 1065| 1.13E+06
19 63 3 7193 6274 5387 4753 4722 3993 3264 2789 2469 2161 2041 2516 5862 4109 1719| 2.96E+06
49 16 4] 6368 5133] 4722| 4278 3061[ 3678] 3612] 3708| 3920| 3540 3549 3803| 4024] 4178 810| B.57E+05
38 24 5 7382|6179 6147] 6118] 4215] 3708] 3327] 3042] 2858 2665] 2548] 2063 3391 4193]  1652| 2.73E+06
R 66 6| B8587! 8302( 7637| 4505] 3298[ 3486] 3327 3029 2928] 2800 2646| 2488] 2636] 4206 2282 5.21E+06
30 42 7| 4278 37 3206) 2989] 2681 2713]  3359] 5514] 8651 6908]  4373| 4785] 4912 4478 1744 3.04E+08
32 58 8| 3200 33mi 3866| 3a34] 4151 4753 4248] 3548] 303g] 3391 4405 8017 9855 4592| 2025] 4.10E+06
64 100 9] 14350 8730 6880 4000 3016 2720 2540 2300 2120 2301 3007 3510 5208 4675 3522 1.24E+07
16 59 10 5482 5387 5514 5038 4690 4630 3929 3771 4310 4785 5197 4531 3929 4712 602! 3.62E+05
3 g8 1 6654] 6718] 7288] 6971 5450]  4626]  4310] 4119] 3803] 3676| 3676] 3s49] 3381 4841 1472} 2.17E+06
8 41 12| 3834] 3612] 3517  3200] 3581 4848 4785) 4658]  4626]  4405]  4880] 10964 12105 5308| 2832 8.02E+06
48 34| 13| 15844] 13721 7985 4943] 3327 2885 2779 2449 2199] 2389 3121 3612] 5482] 5449  4459] 1.99E+07
96 45| 14| 8748 9253] 9158] 7573] 6243] 5704] 5165] 4975] 4408] 4151 3961 3581 2687] 5815]  2217] 4.91E+06
46 11 15| 8271 12580] 6274| 5862 5704| 5482 s5229) 5133| 5038] 4848 4595 4341 4119]  5080| 2950 5.06E+06
35 19] 16| o9318] 8887 7478| 6528| 6179 6008]  s02n 5767| 5577 6147| 4975 4s05] 4488] 6350 1445 2.09E+06
87 37 17 9180 7922 6591 5957 5514 4753 4278 4151 4024 3739 4817 5926 16066 6379 3320, 1.10E+07
78 75 18| 10425| 8556] 7605 8080] &686] 6211 6876] 5419 5165 4012 4658 4880 5324] 6523 1744] 3.04E06
83 28f 19| 16731 95058| 7573] 7183] 7320 5514] s070]  4753|  5355] 6211|4341 5355 s2ld 7010] 3242[ 1.05E+07
97 g5 20| 2811 2728] 2551 2380] 2285| 2329] 2583 8514] 55771] 10837 2101 3090| 1000000] 84229| 275543| 7.59E+10
14 13| 21| 8873] 79p2|  7985|  A112] 8904 8302] 8366| 7415 6338| 6052 6623] 7288]  7660[ 7eB1 909] B8.26E+05
15 29  22] 14883] 10425| 10330] 10457| 9190[ 7605] 6686| &484| 6243 5736 5260| 4405] 3486] 7783 3148 9.91E+06
75 ol 23] 18084] 12739] 10267 8271 6813] B559] 6686] 6845]  7573] 9031] 7003] 5292 4531 8280] 3154] 9.95E+06
72 76| 24 12422] 10869 10235] 9475] 8873] 8778 a461|  7890] 6845 6052] 5292] 7225 8207| 8509 1964] 3.86E+08
33 33l 25| 20851 17872] 12483] t1188| 9031 7193|  6940| 7086 6559 3898] 3517] 3549 3644 8751 5528| 3.06E+07
84 21] 28] 7162| 7827] s5767] 5228] 5102] 4912| 4848 5672] 6B45| 6845| 7415| 18347 28424| 8BOO] 6865 4.71E+07
4 79 27| 7415|7688 13087 14988) 11344| 0950| 10480 8368] 7795 10520 8004| 7478] 7225| 0833] 2413| 5.82E+08
7 93] 28] 13784 13974] 11725] 10806| 10520] 9538 00o94] 11946| 89697 8271 7447| 6464| 5545] Do0R| 2583 6.72E+08
7i 5/ 29] 11313]  @72a] 10045 10324 10032 10520] 10774] 10204] 11851 11091| 10425 0665 8778] 10440 797| B.35E+05
86 3]  30[ 10774] 11725] 8080 15305 8s19] 7858]  &o04]  9950] 10837| 13182[ 12263] 11344] 8330] 10545] 2338 5.01E+06
1t 64  31] 31148 11915; 10964| 10816] 10801] 11123] 10045] 7859 7605 7383] 7447 7764] 8556] 11025| 626B{ 3.93E+07
40 30] 32| 15210, 13467] 12770 13214 13277 12580] 12073] 11313] 10901] 10013] 7003] 7257 6873 11381 2490] 6.20E+08
] 31] 33| 20439 11059{ 10045] 9760] 9443| 14006 14008] 12580 10394] o950 9633] o9411] ooo4[ 11525] 3188 1.00E+07
12 84 34| 14133] 13467] 12834| 12807 12612| 13277 19203] 18411 12770 B8238] 6116] 5185 4500] 11817] 4611] 213E+07
58 56| 35| 22055] 20502] 19330 23481 13689 9253 8524] 7954| 7035 6528] 6389] 6274 6147 12088 6776 4.59E+07
52 83| 36| 20280( 20438| 20439) 168351 12865| 11471 10679 10964| 10618 11756 12675] 12730] 14070] 14257 3817 1.46E+07
89 g9 37] 43870] 73634| 10471] 58501 6374] 6450 eeza| 7vov4|  7340[ 7330 6065 4710 4913[ 14708] 20533 4.22E+08
21 39| 38] 265053] 24368| 19140| 16066 15654] 14545 13753 12041 117250 11439 11471 11756] 12200| 15393 4809 2.ME+07
51 70[ 39| 27080] 26635] 24083] 23576] 10995] 15432 13499 12073] 10584] s420] 7a@s| 7dd3]  7ees| 15651 7720| 5.96E+07
45 57| 40| 68763| 36758] 9031 6496] 12041] 11756 10425] 10616] 11344] 9538] 7352] 6528 6654| 15946 17708] 3.14E+08
54 6] 49] 11408] 12807 14545] 20787] 19013] 20566] 23513] 28773 20344] 17175 15654 14703] 14101 17960 4839| 2.34E+07
28 14] 42| 38343| 22784] 16795 16446 16858 21199 24685 21896] 17618] 14481 12992 16224| 25638] 20458] 6661 4.44E+07
68 50|  43] 60524| 58308] 27505) 18633) 18221 15360 15717 18728 20435 34223 25350 21326] 20027 27413 185101 2.28E+08
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Table APNS11.4

original | original | new PARTICLE NUMBER
T-field # |cca run #] rank #1 #2 #3 #4 #5 #5 #7 | 48 #3 #1Q #11 #12 #13 mean ;i std dev var

3] 7 44, 26998, 95084| 592571 41511 446801 22277 14545 13436 13024 12834 12897 13246 13246 20463 24920 s8.21E408
5 68 45| 189812 109641 11218 8271 7225 6876 6591 8464 8971 7785 8651 10013 7954 20806| 55698 3.10E+09
80 62 46| 34857 28456 29014] 33906| 26269 22467] 21611] 21738 22055 22720 28931 120415] 50701| 35695 26602| 7.12E+08
62 4 47| 40878) 40878| 39293| 37075| 36758| 35174] 32838 34223 41828| 44997 47215| 40244 47215] 39878 4693| 2.20E+07
44 12 48] 32005 30167 27822| 30516] 44997| 50067 42145| 45948| 52285 53553| 57980 55454 61158 44931| 11524! 1.33E+08
79 18 49 153370 72249 5HR940| 39927 38343| 31498| 29185 30294| 35174 33689| 32322| 24939, 18379 46016] 35219 1.24E+08
57 32 50| 55454 46581| 48166] 45631) 43413] A7532| 66771 55771| 49433| 44363] 41511 39927| 39203 47142 5730) 3.28E+07
70 52 51] 236303 204705) 26016) 39827 27030| 20027| 13911 11915| 10806 10552 9601 8302 7732 48224 77320 5.98E+09
4 10 52| 104571 119464| 57355| 64010) 128654 23956 19615 1B474] 18126| 20027 17587 19888| 2308B| 48000/ 42189 1.78E+09
53 40 53| 64010 57039/ 59257| 51652| 35491) 40561 27790) 37075] 53236 51888 51968| 63376 68128) 50889 12280 1.51E+08
98 73 54| 147350| 78586) 60524] 42145| 42779) 47215] 50067| 465681 42779) 40244) 27600{ 29438| 25446| 52366 31807 1.01E+09
92 23 55| 30262 27759] 27315) 23576| 23988| 34540| 59574| 90045 85558 84924| 71615 72249] 55137 52880| 26054| 6.79E+08
23 20 56) A47532( 46265 53236] 63059| 112810| 90945] 92212 9579 43413| 27315 15622) 12897 12548| H4572| 33641| 1.13E+08
18 680 571 173334 72249( 75735 427790 396101 40561, 44046! 408780 38343 39203 38028, 384411 35174] 56113] 37863 1.43E+08
74 51 58| 148716| 111542] 0O0628| 57355 52285 42779| 40561 38927! 38927| 36758 3B8343| 28868 20914 5743 36608| 1.34E+089
22 22 59| 8r142| 68129 52602! 46265 45314 45631 46898 45433) 53553| 57989 62742| 70664| 77853| 58794| 13607 1.85E+08
20 54 60| 115878 108G90] 95064 78586] 67173 50701| 40561 89610 36758 40561| 35808 34223] 29533 53481| 30418| 9.25E+08
81 3g 61| 52285 52918 57039] 66545) 86825 102038] 20311] 94431| 95381 25255| 20787 14925 15242| 59537 32636| 1.07E+09
28 BO 62 23069] 40878 53870 57989 56405 53553 78270 73516| 73199 73199 73199 73199 73833| 61860 16293; 2.65E+08
a0 58 63| 265546 218648| 152737| 32005] 26871 25604) 23164| 17619 12897 12073 11471 10520 9855 63001 88484 7.B3E+09
85 85 84| 91262] B80805| 72566| 60207| 50701| 54504) 44363| 47215 66545| 64961| 60841, 61475) 96649 65546| 16089 2.59E+08
82 46 65 71615 76368| 102353| 69080 68446] 65277 61792| 59890 B1475| 64644 77953 65911 56722 69348 11680 1.36E+08
25 49 86| 112810{ 124B51| 100841 100134] 96649 BB410; 69397 44997| 49117 42482| 36758 30040 26396] 71666/ 35068 1.23E+09
95 17 57| 191713| 173968 231008| 92212 44880| 38659 30135] 23164| 20059 23037 23925| 23386 22657 72200] 75620 5.72E+09
BO 86 68| 67813] 113760] 76051 68080 66545| 66228| 67179 70031 68763] 67813] 68446] 65080 69714) 72348 12680 1.61E+08
67 43 69 80468| 58623 52919 59800; 63693 55771| 65454| 85875| 90945 871427 £5875| B4924| B4024| 72809 14807| 2.22E+08
66 53 701 700311 71615 64644 80805| 99184, 103937) 121048| 88410} 5Q087| 48265, 49750) 56088| 58040 73206| 23425) 5.49E+08
94 g2 71| 218865 204705 171116] 91262) 44680 40561 37392 356174| 33589| 31023| 25953| 21896 24843| 75474| 72770| 5.30E+08
38 87 72| 5808B8| 50087| 45314] 38026| 39810 54820] 79220 94431| 115978| 125485| 119147] 1153456 110275 80203| 34117| 1.16E+09
a1 78 73] 143864 147666 145448| 139111| 141646| 237661} 65911 57039 13911 14735 15654] 15781| 15495] B8763| 74090 5.49E+09
47 72 74| 129604 90311 83657 75101 53870 39293 66545 87776| 94747 97599) 104888| 108056, 135308 89750| 27298 7.45E+08
75 15 75| 138794 135625| 227837 239562 54820 111542] 92848 85241 48800| 45314| 3B343| 28519 25160) 97877 71358 5.00E+08
10 47 76| 60841 63059 68623] 51652 75735 101402 135942 122633] 117563] 110008| 104254 139428| 134891 98233| 32309 1.04E+08
50 25 770 116929] 117246| 115028 107106 102036| 90311 83657| 81438| 84290 50945| 102669 93480 110275 99647 13078| 1.71E+08
37 97 78| 1683511] 123900( 130238| 232907 238076| 100768| 79854| 70664 53870 46398| 51335; 38610 29058| 104515) 69939 4.89E+08
2 2 79] 77953| 57039 71615| 81438 98857 135308/ 122316 128654| 123584| 163511| 112493| 112810 139111 108582| 30676 9.41E+08
59 77 80| 67813] 272201| 459477| 418283| 38006| 32958 32322 38343| 35491| 32839| 11756 11915 13467 112868 160099 2.56E+10
43 a1 81| 52019 52285 50384| 58306) 64010] 66862 77953| 07282| 156866| 224869| 195199 195199 191079 114077 67206 4.52E+09
27 as 82| 35491 45948| 135942| 472153| 250336 130555) 127703| 126435| 64327 49750] 45314 48483| 48166 121585| 121774 1.48E+10
) a1 83 0928461 94114] 143230) 215470] 968649) 093163) 110581) 02846 02212] BRO73] 77638) 204705) 203438) 123145 650849 2.50E+09
42 44 B4| 265863 196783 119781 87142] 80171 79854| 96966 931631 853340 121365 A5241| 131506 167947| 123779 55902| 3.12E+09
77 71 85| 17111g[ 116612 84220 73833 77002 908945| 104264 116612 130872 139111 150518 197734| 157173| 123852| 38329| 1.47E+09
29 26 86| 136258 146716 162243 151469| 112810] 108958| 1096411 127388 156539 161609 103620 99184| 105838| 129482 23922| 5.72E+08
100 90 87| 105204 100324 121999) 144408| 158440| 145448| 141883 139111] 146399] 135942] 133724| 121682 136258 133846] 15341 2.35E+08
93 82 88| 145765 147666 210400) 107423| 103937 112810| 111542 144181] 147666] 145448| 140378) 125168 115662| 135235| 28260| 7.99E+08
73 88 89| 131506] 121999 108058) 98550 BG8Y5| B80488| B1122| 93797 108056| 271884| 242731| 177453 166679 136015 61970! 3.84E+09
34 65 90| 132139] 121999 148934| 434127| 132139 127386| 116929 109324 107106| 109958| 114077 117248 118197 145351 87535| 7.66E+09
99 B g91{ 118197 99184, 91579 86508| 140378 98867| 131822 361244 162877 164778 205973 174601| 181256| 155174| 72716 5.28E+09
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Table APNS11.4

PARTICLE NUMBER

ariginal | original | new
T-field # |cca run #§ rank #1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11 #12 #13 mean | std dev var
36 1 92| 71615] 98233 116295] 130238| 139111| 141012] 152103| 173968 179038] 215162| 242007| 232274| 226253| 162877| 54105 2.83E+09
56 74 93| 218648! 182840\ 208606| 206280) 271250| 266674, 373918| 207557 129287| 23608) 19837 45631 52802) 168827) 108326] 1.17E+10
1 36 94| 217063 188861| 180623] 179038] 183701] 160848| 188227 230562 315613| 238076| 180622| 66228 43096] 183742] 69658| 4.85E+09
24 9 95| 203754| 208191 230056 225619 208824 288045| 383426| 342231 265229 200902| 193297 198367 205656 242584 60626 3.B8E+09
61 61 96| 220232 216747 234809| 241780| 289946| 282024 276320 270833; 261110 252871| 248435 241146| 233224 251506| 23286, 5.42E+08
83 48 97| 269032| 265546| 261110| 320050 380257| 38B595) 358075 330063 421452| 332725 272201| 235126| 205973| 311323] 65113| 4.24E+09
85 690 98] 114077| 122633 186009] 245266| 3B9763| 437206 300270| 3020321 377088| 3B83426| 430958 427789| 40B776| 331945| 119848) 1.44E+10
88 27 99| 233858| 274736| 339063 001837 222450 215182 250237| 300720) 286460| 2B6777| 345400 411945| 380257| 349300 202169 4.09E+10
13 94| 100 662281| 548204 468984 478490 573554 636931| 880929 1000000! 1000000| 1000000| 1000000 475321| 262060| 6591288| 255096| 6.51E+10
summary mean, std. dev.: 70565.4) 5991.48
coefficient of variation 0.08491
mean of total population 70565
std. dev. of tot. pop. 111080
skewness of tot. pop. 4.17188
coeff. of variation of tot. pop. | 1.57428
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